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O estimate the daily volume of wa- 
ter required for a South American 
community, the probable population 
at a future date is multiplied by an 
assumed annual average of the daily 
per capita consumption. Frequently 
the basic data for such an estimate are 
unavailable or unreliable. The growth 
of some of the larger northern cities 
of South America has been so erratic 
that a prediction of their future popu- 
lation usually is not even a good guess. 
Even if census returns are available, 
the author is very skeptical of estimat- 
ing future population by plotting the 
curves of population of cities in the 
United States, as the conditions and 
factors governing growth in the cities 
in South and North America are en- 
tirely different. 
In 1937, Dr. Ernesto Leon D., then 
Chief of the Dept. of Water —. 


Ministry of Public Works, Caracas, 
Venezuela, started the system of tak- 
ing a census in those communities in 
which the government proposed to in- 
stall water supplies. Starting with a 
general plan of the community, a letter 
with an exponent was assigned to each 
corner of each block. Mimeographed 
sheets, 20 x 35 cm. (8 X 14 in.), were 
prepared for systematically recording 
the following data for the buildings 
on each side of a block: 

Type of building if lot is occupied 
. Number of stories and width of 


nN — 


lot 

. Number of inhabitants 

. Type of water supply 

Amouut of water consumed 
. Whether or not public water sup- 
ply is desired. 

In addition, the width of the street be- 
tween property lines, the width of the 


ra 
he 
~ 
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sidewalk and the type of street pave- 
ment were recorded. 

Drawing on his experience with this 
method of census taking, Dr. Ledén 
later suggested that the data be com- 
piled in complete block units to elim- 
inate the possibility of overlooking or 
duplicating coverage on the corner 
houses. 

Using the approximate population 
thus obtained and taking into consid- 
eration the past history of a commu- 
nitv, its characteristics, the number of 
lots available for new buildings and 
the area available for future expan- 
sion, the probable future population 
within the next 25 to 30 years was 
predicted. In general, an average per 
capita consumption of 280 Ipd.* (74 


TABLE 1 
Consumption Estimates for North Zone, Quito 
Rate 
lpd. gpd. 
Annual average 250.0 66.0 


Maximum day (150%) 375.0 99.0 
Maximum hour (225% 562.5 148.6 


U.S. gpd.) for all purposes, including 
leakage from the new distribution sys- 
tem, was assumed. 

The author used this system in 1943 
for approximating the population in 
the North Zone of Quito, Ecuador, 
and for determining the number of 
vacant lots available for additional in- 
habitants. The following data were 
obtained from the census: total popu- 

* As the metric system is standard in 
South American countries, the author has 
retained metric units in this, the English 
version of his paper, as well as converting 
to U.S. gallons. For the purpose of this 
publication, compound abbreviations contain- 
ing the term /. (liters) should be read in 
the same way as those standard abbrevia- 
tions containing the term g. (gallons), as: 
lpd. for liters per day, and mld, for million 
liters per day. 
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lation, 54,241; number of buildings, 
4,061; number of vacant lots, 1,99]. 
and average number of persons per 
house, 13.35. On the assumption that 
a building would be erected on each 
vacant lot and that the number 
inhabitants per building would ayer. 
age 13, the increase in population jp 
the future in this zone would be 25. 
883. This number, added to the cep. 
sus, gave an anticipated total popula. 
tion of about 80,000. 

After considering the conditions, the 
changes that might occur in future 
years and the sale of water through 
meters, the author adopted the esti- 
mates of consumption for the zone 


given in Table 1. . 


Consumption Estimate for Caracas 
Metropolitan Area 


Rate 
Ipd. gpa. 
Annual average: 
Served through meters 320 84.53 
Served through public 
fountains 60 15.8 


Maximum day (125%) 400 105.6 
Maximum hour (200%) 640 169.1 


As a basis for the design of the new 
water supply system for the Caracas 
Metropolitan Area, Venezuela, the es- 
timates of consumption shown in Ta- 
bles 2 and 3 were agreed upon by the 
firm of designing engineers, Consult- 
ing Engineers, C.A., and the commit- 
tee of engineers, of which the author 
was a member, that represented the 
Ministry of Public Works. Estimates 
of the increase in population up to 
1982 were based upon an annual in- 
crease of 2 per cent on the figures of 
the local Bureau of Statistics. 

As a result of his experience and 
studies, the author has drawn certain 
general conclusions about the allow- 
ances that should be made for the 
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annual average of the per capita con- 
sumption of water in cities with popu- 
ations of 10,000 to 500,000. If serv- 
ice of water under adequate pressure 
js maintained 24 hours a day, if the 
majority of the buildings are connected 
to the distribution system, if 90 per 
cent or more of the services are me- 
tered and if the distribution system is 
maintained properly, the maximum al- 
jowance should be 330 Ipd. (87 gpd.) ; 
the minimum allowance, 190 Ipd. (50.2 
gpd.) ; and the average allowance, 280 


ipd. (74 gpd.). For ordinary do- 
TABLE 3 é 
Py 
Consumption Analysis of Caracas 
Metered Water 
lpd. gpd. 
Domestic (all household uses 200.0 52.83 
but irrigation )* 
Municipal (including public 
building, street and sewer 
cleaning, and fire fighting) 22.5 5.94 
Industrial and commercial f 33.5 8.85 
Waste and leaks "oo 64.0 16.90 
TOTAL 320.0 84.52 


* For the irrigation of lawns and gardens, it was esti- 
mated that an average of 2.5 Ipd. (0.66 gpd.) per sq. m. 
would be required throughout the year. At the time 
of the preliminary studies, this requirement amounted 
toabout 15,876,000 1. (4,194,100 gal.). 

+As the water for industries is derived principally 
from private wells, it was assumed that this allowance 
would sufficiently represent the demand upon the public 
water supply. 


mestic uses in small villages, an al- 
lowance of 95 Ipd. (25 gpd.) is suf- 
ficient. 

Mendiola (1) has stated that the 
almost general rule in Peru in 1944 
was to fix the allowance for total con- 
sumption at 200 Ipd. (52.8 gpd.). 


Sources of Supply 


Until recently the majority of the 
public water supplies have been taken 
from surface streams at such eleva- 
tions that water would flow by gravity 
to a reservoir and thence to the dis- 
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tribution system. The principal rea- 
sons for the selection of surface sup- 
plies in preference to ground water 
supplies are that: (1) surface sup- | 
plies may be seen and the volume of 
water measured; (2) there has been. 
little application of geology and engi- 
neering to the development of ground 
water supplies and very few reports — 
of investigations of ground water con-_ 
ditions have been published; (3) a 
large proportion of small wells, im- 7 
properly constructed by inexperienced 
and careless drillers, have had to be | 
abandoned, creating the impression that _ 
a well is not a reliable source of water — 
supply; and (4) a gravity surface sup- 
ply eliminates the use of well pumps _ 
with their accompanying expenses for — 
fuel or electric power and danger of 
interruptions in service. 

The cost of the development of a> 
ground water supply near a commu-— 
nity, plus the interest on the invest- 
ment, the depreciation and the cost of © 
operation and maintenance, is often 
less than the cost, with similar charges, — 
of a water supply derived from a river — 
or from an impounding reservoir and — 
conveyed by gravity through a long — 
pipeline or open canal. Unfortunately, © 
politicians and political engineers are 
prone to overlook the costs of or 
charges for a long pipeline or open 
canal, especially if the national govern- 
ment pays the first cost and makes a_ 
gift of the works to the community. 

If the geologic conditions are favor- | 
able, the advantages of a ground water — 
supply from wells warrant the expen- 
diture of sufficient money to engage 
the services of a competent well driller 
to make a thorough investigation by 
test borings. 

Geologic conditions are not always 
favorable for the development of the | 
volume of well water that a commu-_ 
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nity requires. Sometimes a sufficient 
volume of ground water is available 
but is so highly mineralized or has 
such an objectionable taste that the 
inhabitants will not use it; it then be- 
comes necessary to develop a supply 
of surface water. An excessive amount 
of sodium chloride often imparts a 
disagreeable taste to water from a 
deep well. Under the existing condi- 
tions, except in unusual circumstances, 
the operation and maintenance of a 
water softening or demineralizing plant 
is too complicated and costly for a 
small community. 

The reduction of an _ excessive 
amount of iron, unless it is present in 
combination with organic matter, may 
be effected economically in a small 
community. The fluoride content of 
water from deep wells should always 
be determined as, in spite of the pub- 
licity given to the effect of fluorides 
on teeth, it is often overlooked by 
chemists in a municipal laboratory who 
have had little experience in water 
analysis. 

Adequate water supplies are devel- 
oped frequently from springs. Men- 
diola (1) has stated that the water 
supplies in 51 communities in Peru, 
up to 1940, were derived from the fol- 
lowing sources: ground water, 32, of 
which 15 were springs and 17 wells; 
surface waters, 17; and a combina- 
tion of both, 2. The population of 
the communities served by springs 
varied from 700 to 60,000; and, by 
wells, from 2,500 to 78,200. 

So far only a few water supplies 
in Colombia, Ecuador, Peru and Vene- 
zuela have been developed from infil- 
tration galleries. 

The use of impounding reservoirs 
of relatively large size is a compara- 
tively recent development. The larg- 


est one in Colombia is at Bogota, but 


C. 
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its capacity has been found insufficient 
during periods of severe drought. The 
impounded water is treated in a mod. 
ern rapid sand filtration plant. Since 
this reservoir was constructed, cop. 
vincing the skeptics that an earth dam 
need not fail, the construction of simi. 
lar reservoirs for the water supplies 
of some of the other cities has beep 
under consideration. Some proposals 
to build dams appear to be based op 
nothing more than the desire of an 
engineer to experiment with its con- 
struction. Two relatively large im. 
pounding reservoirs are under con- 
struction as units of the new water 
supply system for Caracas, Venezuela, 
The water of each reservoir will even- 
tually be filtered. 

Three impounding reservoirs of 
shallow depth have been constructed 
in Venezuela for supplying water to 
small communities. In two localities, 
a sufficient volume of neither surface 
nor ground water is available, and the 
latter is so highly mineralized that 
treatment to render it potable would 
be very expensive. No provision has 
been made for the filtration of the 
impounded water. In another locality, 
the long distance to the nearest surface 
stream and the high pumping lift re- 
quired made this source of supply un- 
economic, yet a sufficient volume of 
water could not be obtained from 
wells. Due to the larger size of this 
community, the water will be treated 
with coagulants and pumped through 
pressure filters to the distribution res- 
ervoir. 

In Ecuador a shallow impounding 
reservoir is under construction to 
serve water to a group of small com- 
munities near the seacoast. ’ 

The provision of potable water to 
numerous small communities is a se- 
rious public health problem. Many 
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of these communities still obtain their 
water supply from small springs along 
public roads, shallow wells, surface 
¢reams and small artificial ponds. 
The water is conveyed in kegs carried 
by burros or by hand in kerosene cans. 
All of these sources are exposed to 
contamination either by surface runoff 
or by the persons who collect the wa- 
ter, The author believes that the in- 
sallation of wells, properly drilled and 
protected against contamination, is the 
solution in many communities for ob- 
taining a supply of potable water even 
though funds are not available for dis- 
tribution systems. The weakness of 
this solution, however, lies in the un- 
familiarity of the inhabitants with me- 
chanical equipment, which would un- 
doubtedly result in their neglecting the 
maintenance of the pumps. 


Essential Data 


The lack of information on funda- 
mental hydrological conditions is a 
grious handicap in the development 
ofwater supplies. Data relative to rain- 
fall, evaporation, percolation, stream 
fow during wet and dry seasons, the 
amount of sediment in suspension, and 
the chemistry of waters are often lack- 
ing or are insufficient and unreliable. 
Many unfortunate results have been 
caused by the lack of fundamental data 
for designing projects. 

Frequently data on stream flow and 
the range and character of turbidity 
must be obtained by questioning the 
caretakers of an intake and reservoir 
about the frequency and duration of 
floods, the color of the material car- 
ried in suspension, the duration of the 
flow of turbid water, the frequency of 
cleaning of a grit chamber or reser- 
voir and the character of the material 
deposited, the high water marks on 


bushes or trees, the depth of water in— 


local university and its old custom of 


a stream bed during periods of mini- 
mum flow, whether there has always 
been a sufficient flow to fill the supply 
main to the reservoir, and other such 
matters. 

Although a community may take 
its water supply from one or more 
surface streams on a catchment area 
for 10 or more years, when the time 
arrives to construct a treatment plant 
and to decide upon its capacity for a 
future population, none of the data re- 
quired may be available for applica- 
tion to the problem. The officials of 
the water works will agree that it is 
unfortunate and offer excuses, but will 
express no concern about the lack of 
the data. 

If a consulting engineer is engaged 
to make preliminary studies, he must 
base his deductions upon the limited 
data he can obtain or upon an inspec- 
tion of the catchment area and the 
application of his general knowledge 
of conditions and data in catchment 
areas of similar characteristics. 

The Guaire River, which flows 
through Caracas, Venezuela, a city 
founded 379 years ago, furnishes a good 
example of the lack of stream flow data. 
When it was decided to run an inter- 
cepting sewer across this river on a 
bridge, no reliable data were available 
on the frequency of floods and their 
maximum elevations and flows. In the 
end, nothing more than a good guess 
could be made of the necessary eleva- 
tion of the bridge above the bed of the 
river. 

Although some of the older engi- 
neers realized the value of engineer- 
ing data, none of them had been suffi- 
ciently interested to spend time and 
energy gathering the necessary facts. 
Part of the responsibility for the lack 
of such data must be borne by the 
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allowing students to present theses 
based upon reviews of subjects dis- 
cussed in textbooks and technical pub- 
lications, instead of doing experimental 
work that would be of immediate value. 

The value of information that may 
be obtained from a water laboratory 
properly equipped and managed is not 
yet appreciated by the engineers and 
government officials in some South 
American countries. The lack of ade- 
quately trained chemists is partly re- 
sponsible for this condition, but a na- 
tional government may remedy this 
situation by providing scholarships at 
a foreign university. A relatively high 
return upon a relatively low invest- 
ment may thus be obtained when the 
chemists return to apply their knowl- 
edge and experience to the analysis 
and treatment of water. 

The engineers in charge of the de- 
velopment of water supplies, especially 
those who have specialized in sanitary 
engineering, are also partly responsible 
for the lack of adequate laboratories, 
as they will not insist on having es- 
sential data on the chemical charac- 
teristics of a water to serve as a basis 
for the design of a water treatment 
plant. Strange as it may appear, the 
same engineers will include a labora- 
tory in the design of a plant. They 
overlook the fact that, although a lab- 
oratory is essential for the operation 
of a plant, the data obtained after con- 
struction of the plant will not remedy 
difficulties resulting from a design 
based on insufficient preliminary lab- 
oratory data. Prof. Earnest Boyce 
(2) has ably described “The Value of 
the Laboratory for the Sanitary Engi- 
neer.” 

In 1936 the Minister of Public 
Works in Venezuela decided to install 
a water and sewage laboratory and an 
independent laboratory for testing ma- 
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terials. The former laboratory has tha 
been somewhat handicapped by lack san 


of room for expansion, but orders 
equipment have never been rejected 
with the result that it is adequately 
equipped. Several thousand chemicy 
analyses and bacteriological examina. 
tions of waters from all over the coyp. 
try have been made during the pag 
nine years. The general public ang 
the owners of industries are learning 
the value of the laboratory and ar 
taking advantage of the services jf of t 
offers for a nominal charge. Th 
present director is Dr. J. R. Hurtado § quer 
who underwent an intensive course oiff cies 
training under Dr. A. P. Black, of th 
Univ. of Florida, with very successfy 
results. This laboratory is an outé§ able 
standing example of what may be ac§ thei 
complished through the initiative anf E 
progressive policy of a Latin Ameri-f will 
can government official. agre 

The responsibility of obtaining fun-f toa 
damental data and establishing thef the 
value of their application to water sup-} unti 
ply problems rests upon the shoulders} pout 
of the sanitary engineers who are now the 
starting their careers and upon theirf take 
successors. istry 
tions 
and 
of v 


men 


Inspection of Catchment Areas 


The sanitary inspection of the catch 
ment area of a surface stream shoul 
always be made before it is selected a 
a source of water supply to determin: 
the sanitary conditions and the exist 
ence of coffee plantations, tanneries 
sugar mills and other sources of in 
dustrial wastes. During past year 
few thorough sanitary inspections have 
been made, as competent sanitary 
gineers were not available, but wi 
the increasing number of engine 
who have taken and are taking gra 
uate courses in sanitary engineering f 
U.S. universities, it may be anticipa 
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that more attention will be given to 
gnitary matters. 

Especially important is the periodic 
gnitary inspection of surface streams 
jom which water supplies for small 
communities are taken. Disinfection 
with chlorine is the only defense taken 
against pathogenic organisms, if any 
defense is taken at all. The installa- 
tion of simple, low-cost sanitary privies 
and the education of the inhabitants of 
houses on a catchment area on the care 
of the privies are practical protective 
measures Of great importance. Fre- 
quently, however, governmental agen- 
cies are reluctant to use their funds to 
improve sanitary conditions on catch- 
ment areas or to make the privies avail- 
able on terms that home owners, with 
their small incomes, can afford. 

Either the pulp or berries of coffee 
will add color, organic matter and dis- 
agreeable taste-producing compounds 
oa water supply if they are piled on 
the ground and allowed to ferment 
until the rains carry the organic com- 
pounds into the nearest tributary of 
the surface stream on which the in- 
take is located. In Colombia, the Min- 
istry of Health has published regula- 
tions (3) on the disposal of the berries 
and pulp of coffee on catchment areas 
of water supplies. The products of 
the fermentation of such waste mate- 
rials should always be taken into ac- 
count in designing a water treatment 
plant; otherwise justifiable complaints 
will arise from the consumers of the 
filtered and chlorinated water supply. 


# Ward (4) and Horton et al. (5) have 
investigated 
# wastes from plants for processing cof- 


fee berries. 
Chlorination 


the treatment of the 


The increasing use of chlorine as a 
disinfectant during the past ten years 


is an encouraging indication of the 
determination that is gradually devel- 
oping to improve the sanitary condi- 
tion of water supplies. As the con- 
struction of water treatment plants is 
making relatively slow progress, gov- 
ernmental agencies are giving more 
attention to the chlorination of water 
supplies as a defensive measure that 
may be placed in service quickly and 
at a relatively low cost. Another en- 
couraging sign is the increasing reali- 
zation of the benefits of chlorination 
by the public and the decreasing num- 
ber of persons who indulge in wild 
and extravagant campaigns against the - 
application of chlorine to public water 
supplies. 

A matter often overlooked, if con- 
tinuous chlorination of a well water 
supply is not practiced, is the necessity 
of thoroughly disinfecting a deep well 
after the pump has been changed or 
replaced, before water is discharged _ 
into a water supply system. Before a_ 
sample of water for bacteriological ex-_ 
amination is taken from a new well, 
the well must be disinfected—some- — 
times more than once—to eliminate the 
contamination introduced during its 
construction. 

At Merida, Venezuela (6), a ty- 
phoid fever epidemic in 1945 followed 
an interruption in the chlorination of 
an unfiltered surface water supply. 
The carelessness of the municipal of- 
ficials in not maintaining a chlorine 
supply furnished a sad but effective 
demonstration of the importance of 
continuous disinfection of a water sup- 
ply subject to contamination by per- 
sons living on the catchment area. 

_ Liquid chlorine is now manufactured 
in Bogota, Colombia, and in Lima, 
Peru. Experiments are being made at 
the Bogota filtration plant with ferric 
chloride as a coagulant for the purpose 
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of utilizing some of the excess chlo- 
rine. Steps have been taken to supply 
liquid chlorine to some of the other 
water treatment plants in Colombia. 
The high cost of salt in some localities 
prohibits the manufacture of liquid 
chlorine on a small scale. 


Deep Wells 


With few exceptions, the develop- 
ment of deep well ground water sup- 
plies is in its infancy in the northern 
countries of South America. So long 
as a well is thought of as only a hole 
in the ground with a pipe inside it, 
and as a temporary source of water, 
little progress will be made in devel- 
oping ground water supplies. A con- 
siderable number of small wells have 
been drilled in a haphazard manner for 
factories, small industries, hotels and 
small communities, but many of these 
wells have had a short life because they 
were not constructed properly. 

During the last 15 years, several 
gravel-wall type deep wells have been 
constructed in Venezuela. Most of 
them are still in service, but some 
were not constructed in accordance 
with the Standard Specifications (7) 
of the American Water Works Asso- 
ciation. 

The construction of a group of 16 
gravel-wall wells for supplying water 
to Maracaibo, Venezuela, was com- 
pleted in 1937 by the Martin Engi- 
neering Co. The depth of these wells 
varies from 154 to 186 m. (507 to 
610 ft.). A ground water supply was 
selected, after geological investigations 
had been made, because the site for 
the wells was only about 14.6 km. 
(9.07 miles) from the city, whereas 
the development of a surface water 
supply by gravity would have required 
a pipeline about 94 km. (58.7 miles) 
long and the pumping of a line about 
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65 km. (40 miles) long. About 24 
mld. (6.34 mgd.) of water is now be. 
ing pumped from these wells, and jt 
is estimated that a maximum of 30 
mld. (7.9 mgd.) may be obtained when 
larger pumps are substituted for those 
installed originally. A larger volume 
of water may be developed by con. 
structing more wells within the re. 
served area of 484 hectares (1,19% 
acres). 

Aeration, chlorination and filtration 
through contact and pressure filters 
reduce 2.30 ppm. of iron and 0.30 ppm 
of manganese to less than 0.20 ppm 
and 0.01 ppm., respectively. The tem. 
perature of the combined flow from the 
wells is high, about 34°C. The hard. 
ness and soluble solids average 73, 
ppm. and 245.0 ppm., respectively. 

The only flaw in the construction oj 
these wells was the substitution oj 


crushed limestone for gravel in the 
wall around the casing and the screen, 
The governmental agency in charge of 
the construction refused to approve the| 
expenditure to transport gravel from 
another part of the country, with the 
result that this false economy has in- 
creased the maintenance expenses. 
Five gravel-wall type deep wells 
averaging 110 m. (360 ft.) deep, wer 
constructed in 1942 by Harold T 
Smith, Water Supply Contractor, ti 
furnish water to the North Zone ¢ 
Quito, Ecuador. The average yiel/ 
of these wells is 30 mld. (7.9 mgd.) 
The hardness and soluble solids aver. 
age 107 ppm. and 200 ppm., respec 
tively; the temperature of the wate 
averages about 16°C. A second grou 
of three wells of the same type is no 
under construction by the same com, 
tractor to relieve the shortage of wa 
ter in the South Zone of the city. 
As a result of unusually sever 
droughts during the last four yents 
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the area surrounding Bogota, Colom- 
bia, the municipal water works has 
contracted with Harold T. Smith to 
determine if an auxiliary supply of 
ground water may be developed and, 
{ the test wells give favorable results, 
to construct a sufficient number of 
deep wells to obtain 20 mld. (5.3 
mgd.) of water. The same contractor 
is engaged in preliminary investiga- 
tions to determine if 30 mld. (7.9 
mgd.) of ground water may be ob- 
tained for Medellin, Colombia, and 20 
mid. (5.3 mgd.) for Cali, Colombia, to 
relieve the existing shortage of water. 

The cost of a gravel-wall type deep 
well at the present time, including 
ump and motor, ranges from $6 to 
$18 per 1,000 1. ($23 to $68 per 1,000 
gal.) of water. The cost depends 
upon the depth, diameter, geologic for- 
mation, freight, class of materials uti- 
lized and the cost of labor and the 
various local taxes. In the case of a 
city where a contract was made for 
constructing deep wells at $18 per 
1,000 1. of water, the cost of an im- 
pounded surface water supply was 
estimated at $32 to $34 per 1,000 1. 
($121 to $129 per 1,000 gal.). 

The development of a water supply 
from a group of wells requires a col- 
lecting system of piping, fittings and 
valves through which the water pumped 
from the wells may be conveyed to a 
treatment plant, if necessary, to a dis- 
tribution reservoir or to a central re- 


| ceiving chamber, from which centrifu- 


gal pumps distribute the water. 
Depending upon local conditions, 
the collecting system may be buried or 
set on concrete saddles to elevate the 
bottom of the pipelines not less than 


} 30 cm. (1 ft.) above the ground sur- 


face. At Maracaibo, Venezuela, the 
latter method was selected, as the en- 


tire well farm was enclosed by a woven 


wire fence and there were no public 
roads. Although the “above ground” 
system requires a protective coat of 
paint if steel pipe is used, this main- 
tenance measure will prolong the life 
of the pipe. The cost of the painting 
may be classed as insurance against 
corrosion. 

The interior surface of the spiral- 
welded steel pipe at Maracaibo, rang- 
ing from 6 to 24-in. od., was coated 
with a bituminous enamel. The cost 
of the imported equipment for spinning 
the pipes was about $5,000 in 1938. 

The collecting system of the Quito 
North Zone Project was buried, for 
the area in which the wells are located 
will be urbanized in the near future. A> 
minimum cover of 60 cm. (2 ft.) of 
earth was placed over the top of the 
88-, 103-, 16- and 22-in. od. spiral- 
welded steel pipelines. Despite the 
snow-capped mountains with which the 
city is surrounded, frost is no danger to | 
Quito, for it is only 25 km. (15.5 miles) | 
from the equator. 

The interior and exterior surfaces of — 
the piplines were coated with a bitumi- 
nous enamel, and the exterior surface 
was wrapped with asbestos felt. The 
equipment for coating the interior of | 
the pipes, with the exception of the 
rollers on which the pipes were spun, — 
was either made or purchased in Quito — 
at a total cost of about $1,000. No 
serious difficulties were encountered, 
either in Caracaibo or in Quito, in- 
teaching local labor to coat the pipes — 


and fittings. ous 


Water Treatment Plants 


The construction of water treatment 
plants practically stopped during the | 
war and existing conditions seriously | 
interfere with an efficient and eco- 
nomical schedule of construction. 
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In Venezuela, advantage was taken 
of the circumstances to proceed with 
the design of 9 plants. The completion 
of two small plants that were under 
construction before the war was de- 
layed by the lack of some pieces of 
equipment. One of the designing en- 
‘gineers was sent to the United States 
to visit a group of plants and obtain 
a technical acquaintance with the de- 
tails of the units required for different 
types of water. At present, it is pro- 
posed to construct plants in 11 cities. 

The 30-mld. (7.9-mgd.) iron- and 
manganese-removal plant at Mara- 
caibo has been in operation about 44 
years, and a small pressure filter plant 
at Turmero has been in service about 
12 years. The Creole Petroleum Co. is 
operating a small pressure filtration 
plant in the Maracaibo oil fields for 
the removal of tastes and odors and the 
reduction of fluorides in water ob- 
tained from deep wells. The Consoli- 
dated Oil Co. is also operating a small 
rapid sand filtration plant near Bar- 
celona. Four small pressure filter in- 
stallations are operated by the owners 
of real estate developments in Caracas. 

In Ecuador, part of the water supply 
of Quito flows at an excessive rate 
through two slow sand filters of inade- 
quate capacity. The existing water 
supply of Guayaquil, the principal 
port of the country, is filtered through 
slow sand filters which were placed in 
service in 1928. The municipality in- 
tends to construct a new water sup- 
ply system. 

There are no public water supply 
filtration plants in Peru. The Inter- 
national Petroleum Co. operates a small 
rapid sand filtration plant in Talara, 
the principal port for the exportation 
of oil. 

The first water treatment plant in 
the Republic of Panama, outside of the 
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Canal Zone, is now under construction 
in David. 

Gotaas and Mitchell (8) have stated 
that there are 22 rapid sand filtration 
and 2 pressure filter plants in opera- 
tion in Colombia. Of these, there are 
two modern plants in Bogota, and one 
each in Cartagena, Cali and Barran- 
quilla. The two latter plants have been 
in operation 16 and 17} years, te. 
spectively. 

Of the countries named, Colombia js 
the only one in which notable progress 
has been made in the purification of 
polluted municipal water supplies dur- 
ing the last 25 years. 

Pressure filters have a place in treat- 
ment plants, but only under conditions 
that will enable them to operate at their 
highest efficiency. It is the author's 
opinion that the following auxiliaries 
should be included in an installation 
of these filters: 

1. Chemical feed equipment with a 
rate-of-flow indicator that will elimi- 
nate the disadvantages of the old “pot” 
type. 

2. A pressure reaction tank as a 
substitute for an open mixing chamber. 

3. A pressure settling tank, if re- 
quired, to relieve the load on the filters. 

4. A hydraulic surface wash or air 
wash. 

5. Rate-of-flow controllers for the 
filter effluents and wash water, rate- 
of-flow indicators, mercury type loss- 
of-head gages; and Venturi meters. 

The engineer must specify these aux- 
iliaries in detail, for competition is so 
keen that if only the capacity of a pres- 
sure filter installation is specified, the 
manufacturers will not include aux- 
iliaries in their bids. 

Sometimes gravity type chemical 
feeders, open mixing chambers and co- 
agulating basins may be used without 
requiring extra pumpage of the water, 


2 
e 
= 


WWa 


“uction 


stated 
tration 
opera- 
Te are 
1d one 
arran- 
e been 
S, Te- 


ibia is 
OgTess 
ion of 
dur- 


treat- 
litions 
their 
thor’s 
liaries 
lation 


ith a 
elimi- 
“pot” 


as a 
mber, 
if re- 
Iters, 
air 


r the 
rate- 
loss- 
TS. 

aUux- 
is $0 
pres- 
, the 


mical 
d co- 
thout 
ater, 


put at such installations there may be 

, considerable distance between these 
om and the pressure filters, with re- 
sulting complications. 

Usually the owners of real estate de- 
velopments will expect the local repre- 
sentatives of manufacturers to render 
engineering serv ices without charge and 
will be disinclined to pay for any of 
the auxiliaries mentioned. The repre- 
sentatives can perform a real service, if 
they know anything about filtration, by 
pointing out the advantages of the aux- 
iliaries in the operation of pressure fil- 
ters. 

Unless there are unusual difficulties 
in transportation from the port of de- 
livery to the site of installation, no 
saving is effected by shipping the filters 
disassembled and assembling them at 


the site. 

In the 8 x 25 ft. pressure filters of 
the asl plant, a manifold of 
steel pipe was used, with laterals of 
copper pipe and insulating bushings. 
A manifold of brass pipe, with laterals 
of copper pipe, was used for the air- 
wash system. The free ends of the 
air laterals were supported by a hori- 
zontal copper pipe which was _ sus- 
pended from the filter shell by steel 
angles insulated from the copper pipe. 
The design of water treatment plants 
by engineer who lack a preliminary 
training period involves many diffi- 
culties. The author established a sec- 
tion for the design of plants in the 
Dept. of Hydraulic and Sanitary Works 
of the Ministry of Public Works in 
Caracas, Venezuela, with a few engi- 
neers from the United States serving 
during the first two years as instructors 
of graduates of the local university. 
The section is now a unit of the Na- 
tional Institute of Sanitary Works. 
There has been an extremely large 
turnover in the local personnel as 
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government officials would not meet the 
salaries paid by contractors. Although 
several plants were designed during the - 
last eight years, the section served more 
as a training school for engineers than © 
as an efficient section of design. The | 
results were discouraging in some ways, | 
yet they were not fruitless. The au- _ 
thor still believes that Latin American - 
countries should rely eventually upon 
their own engineering personnel to de- — 
sign the majority of their water and | 
sewage treatment plants. 

Some of the water treatment plants 
in Venezuela were designed under — 
contracts with local engineering firms © 
of little experience, according to speci- 
fications prepared by the section of 
design. As would be expected, the re-— 
sults were discouraging—with the ex-_ 
ception of those produced by one firm | 
and an excessive amount of time 
was spent by the section of design in — 
correcting errors and serving for all © 
practical purposes as consultants to 
the contractors, thus actually taking | 
responsibility for the design of the 
plants. The engineers of the section of © 
design rightfully objected to doing the 
work of the engineering firms, most of 
which lost money on their contracts. 

A firm of engineers in the United > 
States designed two plants and several 
other projects, but there is a strong 
nationalistic feeling by many members 
of the local society of engineers against 
the employment of foreign consultants. | 
These members forget that they must 
creep before they walk. 

Government officials, with few ex- 
ceptions, do not realize the importance 
of thorough inspection during the con- 
struction of a treatment plant or other 
works. They consider inspection more 
like a rubber stamp than an essential 
engineering function, especially when 
the construction is done by govern- 
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mental agencies or by a local contractor. 
If the inspector is too insistent about 
the practical fulfillment of specifica- 
tions, he will be removed, and a less 
thorough man substituted. Engineers 
with the necessary experience and 
knowledge to serve as efficient inspec- 
tors are scarce. The author has made 
efforts to impress the importance of 
properly trained inspectors upon gov- 
ernment officials, but with little suc- 
cess. 

Some of the Latin American engi- 
neers who have specialized in sanitary 
engineering in foreign universities have 
found, on returning to the countries of 
their birth, that they could not make an 
adequate living by practicing their pro- 
fession and were forced to engage in 
construction work or in other branches 
of engineering. Inadequate salaries in 
government service are the rule rather 
than the exception. Due to the lack 
of civil service regulations and the fre- 
quent changes in the personnel of the 
Departments of Public Works and San- 
itation, the engineers are never certain 
of the permanence of their jobs. For 
this reason, they engage in outside 
activities to prepare for periods of un- 
employment and increase their incomes. 
In only a few of the South American 
countries are the directors of govern- 
ment offices retained when _ political 
changes occur. 

Despite the difficulties, it is possible 
to construct a water treatment plant, 
but its efficient operation and main- 
tenance present a never-ending series 
of problems. The majority of con- 
stantly changing municipal officials have 
no conception of the importance of the 
details of operation and maintenance 
or of the necessity of reducing changes 
in trained personnel to a minimum. 
Efforts to maintain wages at satisfac- 


tory levels, in competition with those 
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paid by private industries, often fajj 
through the lack of interest on the part 
of municipal officials. 

One of the principal obstacles to 
overcome is the tendency to neglect 
maintenance—always an integral part 
of the efficient operation of a water 
treatment plant. To maintain a plant 
in good condition, immediate attep- 
tion must be given to the ailing part 
of a piece of equipment, whether large 
or small, so that a minor repair job 
will not develop into a major over. 
hauling. A system of checking and re. 
placing spare parts must be started and 
kept up to date each month, so that. 
when a part is suddenly required, it wil] 
not be missing. This procedure sounds 
simple, but in actual practice systems 
often fail because insufficient attention 
has been paid to the book in which an 
inventory is kept. 

From the date on which a plant is 
placed in operation, the superintendent 
should keep a book in which notes of 
all repairs to any of the units are 
noted, so that a record will be avail- 
able As the years pass, such a record 
will be found invaluable. 

Because the author has met some 
good mechanics and has seen a few 
water treatment plants that are in good 
condition after 15 years of operation, he 
refuses to class maintenance as an in- 
surmountable obstacle. To overcome 
the heedlessness that results from in- 
sufficient understanding, however, great 
patience and constant attention to de- 
tails must be exercised by the persons 
upon whom will fall the task of training 
the personnel of plants and supervising 
their work. Until one or more sani- 
tary engineers or sanitary chemists in 
the countries named have acquired the 
experience to serve as consultants on 
water treatment problems and the oper- 
ation of plants, a foreign 
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consultant should be engaged to make 
periodic visits of inspection to water 
eatment plants to check the details of 

ration and their general condition, 
and to furnish advice on any special 
roblems that have developed. 

Because of the maintenance problem 
they involve, caution should be used 
in recommending the installation of 
hydraulically operated valves, operating 
tables, various automatic devices and 
rather complicated machines for feeding 
chemicals in water treatment plants. 
The author is opposed to their instal- 
lation in small communities located at 
a considerable distance from the large 
cities, where the facilities for making 
repairs and the more experienced me- 
chanics may be found. It often appears 
that some manufacturers of water treat- 
ment equipment overlook the facts that 
maintenance is necessary after their 
products are installed, and their person- 
nel is not easily available for furnish- 
ing assistance at a reasonable cost. A 
piece of equipment that requires an ex- 
cessive amount of attention and is not 
constructed to simplify maintenance is 
‘unsatisfactory in a plant located 3,219 
km. (2,000 miles) from the factory of 
its manufacturer. 


Manufacturers’ Representatives 


As friendly but probably superfluous 
advice to manufacturers of materials 
and equipment for water works and 
treatment plants, the author sugyests 
that great care be exercised in selecting 
representatives for South America. A 
general and justifiable complaint is 
that most of the representatives render 
little or no engineering service to their 
customers and must consult the manu- 
facturers whom they represent about all 
details. The result is that better serv- 
ice may be obtained with less delay by 
direct correspondence between the cus- 
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The 


tomers and the manufacturers. 
representative who is an engineer, or 
has an engineer on his staff, who has 
taken the time to make a detailed study 
of the equipment he handles and can 
advise a customer of the best type to 
purchase has a great advantage over a 
representative who is not interested in 
technical details. 

Some manufacturers select as repre- 


sentatives able business men who are > 


so busy, with large sales of foods, 
whisky, cigarettes, silk hose and other 
commodities that they can afford to give 
only a small part of their time to the 
sale of materials for water works, which 
yield a smaller profit. Such repre- 
sentatives may not even submit bids, 
and so lose sales. Furthermore, they 
will not care to spend time writing 
letters to the manufacturer to obtain 
technical information. 

A source of great trouble is the man 
who creates the impression that he rep- 
resents a manufacturer if a customer in- 
quires about a certain type of machinery 
in which he is interested. Eventually 
the misrepresentation of facts will be 
exposed, when a party writes directly 
to the manufacturer to learn the name 
of his representative, with resulting 
damage to the character and standing 
of the pretender. 

Occasionally a man will manage in 
some way to obtain the representation 
of two competitive manufacturers, ar- 
guing that the decision on the selection 
of the equipment depends upon the 
preference of the customer after prices 
are quoted from both manufacturers. 
Obviously, complications may arise 
from such an arrangement, and it would 
appear to be unsatisfactory both to the 
manufacturer and to the customer. 

The representative of a manufacturer 
who quotes a higher price than a com- 
petitor must often take the time, if he 
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has the necessary technical knowledge, 
to point out the greater efficiency, the 
resulting saving in operating costs and 
the longer service life that may be of- 
fered as compensation. This is all the 
more important because there are en- 
gineers in government offices who will 
base their decisions on their personal 
relations, or those of their superiors, 
with the representative, rather than 
upon comparisons of efficiency. It is 
needless to point out that the connec- 
tions which representatives establish in 
government circles are important, as 
long as their major sales are made to 
governmental agencies. 

The recent practice of some manu- 
facturers in the United States of turn- 
ing over their foreign sales to a general 
exporting firm in New York City may 
be a good business policy, but it is very 
doubtful whether it will be conducive 
to the maintenance of pleasant and sat- 
isfactory relations with foreign cus- 
tomers. The receipt of a letter, in 
answer to a request for a quotation, for 
example, on a tapping machine with var- 
ious parts, written by the head of a de- 
partment in an illiterate style and re- 
vealing a gross misunderstanding of the 
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fundamentals involved, is provocative 
enough to drive a client to a competitor 
with whom he may correspond without 
dealing with a “wiser than the wise” 
intermediary. 
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NE of the principal problems of 
the United States of Venezuela is 
the provision of water supplies and 
sewage systems for all cities and towns. 
Ordinarily, the solution of this prob- 
lem is left to the municipalities. The 
construction of water and sewage sys- 
tems, however, has been done by the 
federal government, or by the states, 
becatse municipalities never have had 
sufficient resources at their disposal for 
this purpose. The only other recourse 
is for municipalities to make contracts 
with private companies which install 
all utilities at their own expense, ex- 
ploiting them as private enterprises. 
After a certain number of years, the 
contracts provide that the utilities be 
returned to municipal ownership. 

When the federal government, after 
1935, started plans for the construction 
of water and sewage systems through- 
out the country, it followed the pro- 
cedure of allotting a certain portion of 
the yearly expenditures normally de- 
voted to public works to the construc- 
tion of water and sewage systems. 
The quantities designated for such pur- 
poses were not enough, however, to 
accomplish the necessary construction 
for the increasing population. The 
lisproportion between the magnitude 
of the task and the resources available 
to accomplish it became evident. 

When the question of financing the 
Caracas water works was studied, the 
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possibility of forming a joint stock 
company was considered, but it was 
shown that the plant could pay for 
itself. This realization introduced the 
idea that such procedures of financing 
could be applied to other water sup- 
plies of the country. The creation of 
an organization able to realize that 
function, not only in Caracas but in 
many other towns, was then suggested, 
and the National Institute of Sanitary 
Works was formed, with all facilities 
required to make contracts with the 
municipalities for the construction, ex- 
ploitation and administration of water 
supplies. The primary idea was to 
accelerate the solution of this problem 
by jointly mobilizing private and na- 
tional resources. 

Before the creation of the National 
Institute of Sanitary Works, all of the 
water works and sewage systems were 
handled by the Dept. of Hydraulic and 
Sanitary Engineering in the Ministry 
of Public Works. When the institute 
was organized, it was attached to the 
Ministry of Public Works. 

The institute is able, with the ap- 
proval of the federal government, to 
obtain concessions for the construction 
and exploitation of water supplies and 
sewage systems. It is able to transfer 
property ; make mortgages and obliga- 
tions; sign contracts for buying and 
selling, renting, leasing and other 
transactions; create public service co- 
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operatives or participate in them; and, Furthermore, the institute is able 
in general, to perform any operations with the consent of the municipalities 


necessary to accomplish its obligations. to administer water supplies and sew.} 
The institute’s constitution provides age systems. To do such work, the 
that all work should be classified as National Institute of Sanitary Works} 
being: signs contracts with the various my. 
1. Self-amortizing nicipalities and assumes all of the gt} Bara 
2. Not entirely self-amortizing. tributes of municipalities in the map. a 


agement of water supplies and sewage 
systems. The institute, as adminis.| Vall 
trator, gives the municipalities its tech.} 5". 
nical and financial help in order 
organize the water supplies and sewage Jara 
systems, keeping all the installations| Asut 
working efficiently and making all al} 
terations and amplifications necesgj- Chiv 
tated by the increasing population. } Guar 
furnished partially or entirely by the The National Institute of Sanitary} Bari 
institute, which must be refunded to Works, being authorized to make all] “ 
the institute according to the estab- constructions for water supplies and} gy 
lished condition.” sewage systems, can be considered asy Cauc 

The federal government, in the in- 4 national corporation serving the mu-| — 
terest of public welfare, can decide nicipalities in the exercise of their 
what is more convenient in relation proper and autonomous _ capacities, 
with the works and contracts made by Since its foundation, the institute has 
the institute. It can therefore assign performed many important _ tasks, 
to the institute’s budget the funds nec- These are classified according to the) —= 
essary to carry on water works and type of service rendered and are sum- 
sewage systems, either as a contribu- marized in Tables 1-4, which form the 


The constitution also holds that “every 
utility constructed by the institute 
would be the object of a contract with 
the interested parties, in accordance 
with the above-mentioned classifica- 
tion. . . . The financing of the utili- 
ties, as indicated in each contract, will 
be with funds furnished entirely by 
the interested parties, or with funds 


tion or as loan. ‘ Appendix to this paper. =. 
Barce 
APPENDIX Cn 
Cabit 
Water Supplies in Construction Puer' 
Mac 
P lati 
Capacity of Treatment q El Sc 
(Approx.) Caru 

Caracas 753,000 | 166.000 | Surface and | Softening with lime, filtration, la V. 
wells chlorination, stabilization San J 
Valencia 140,000 42.000 | Surface Mc 
La Guaira, Maiquetia 90,000 20.000 | Surface Taste and odor removal with Rubi 
activated carbon, aluminum Sen I 
and silica coagulation, chlo Ap 

rination 


* Million liters per day. For conversion to million gallons per day, multiply by 0.2642. 
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wwa| 
TABLE 1—(contd.) 
able : Water Supplies in Construction 
alities, 
d sew. Populati 
pulation 
the Town Capacity Treatment 
Works} 
IS mu- | wld? 
Rarquisimeto / 80,000 16.000 | Surface Lime-soda softening, chlorina- 
the ara tion 
+ Man- San Cristobal 80,000 20.000 | Surface Coagulation, filtration, chlorin- 
sewage ation, stabilization with lime 
minis.{ Valle de la Pasqua 25,000 6.000 | Surface . 
s tech.| San Felipe 15,000 3.000 | Surface Chlorination 
_— [Trujillo 15,000 3.000 | Surface Pressure filters, chlorination 
der t, Acarigua, Araure 9,000 1.700 | Filter gallery | Chlorination 
sewage} Zaraza 8,000 Filter gallery | Chlorination 
lations| Asuncion 6,000 0.500 | Surface Chlorination 
all al.f Suanare 6,000 1.500 | Surface Coagulation, filtration, chlo- 
| rination 
ECESSI-] Chivacoa 5,000 1.000 | Surface | Chlorination 
on, Guarenas 5,000 1.000 | Surface | Chlorination 
itary} Barinitas 4,144 0.638 | Surface | Chlorination 
k 1 Aragua de Barcelona 4,000 0.700 | Filter gallery | Iron and manganese removal, 
chlorination 
S ancl Quibor 3,000 0.500 | Filter gallery | Chlorination - 
red ase Caucagua -_ 2,500 0.500 | Wells Chlorination 
e mu- 
. L | 1,250,644 | 284.038 | 
theiry | 
Cities, 
te has TABLE 2 
tasks, Water Supplies Under Study 
0 the 
mld.* 
Barcelona, Puerto La | 200,000 100.000 | Surface Softening, filtration, steriliza- 
Cruz, Guanta tion 
Cabimas | 80,000 16.000 | Surface 12 mld.* filtered, chlorinated; 
4 mld.* demineralized 
Puerto Cabello | 44,000 11.000 | Surface Filtration, chlorination 
___.|/ Macuto 40,000 Surface Coagulation, filtration, sterili- 
zation 
El Sombrero 7 30,000 7.500 | Surface 
Carupano | 24,000 5.000 | Surface Softening, filtration, chlorina- 
tion 
F Altegracia de Orituco 20,000 4.000 | Surface 
‘ation, La Victoria 16,000 4.000 | Well Zeolite softening, chlorination 
a San Juan de los 16,000 4.000 | Surface Coagulation, filtration, sterili- 
| with Morros zation 
WIG? Rubio 10,000 2.000 | Surface Chlorination 
— San Fernando de / 10,000 2.500 | Surface Coagulation, filtration, sterili- 
Apure zation 
12. * Million liters per day. 
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TABLE 2—(contd.) 
Water Supplies Under Study 
| 
| Population 
Town Capacity | Treatment 
Tariba 8,000 2.000 | Surface Mari 
Juan Griego 6,000 0.600 | Surface Chlorination ma 
Cumarebo 5,000 1.000 | Surface Chlorination Méri 
Guacara 5,000 2.000 | Surface Vale 
Santa Lucia 5,000 | 1.200 | Surface Chlorination Turr 
Tovar 5,000 1.500 | Surface - 
Pregonero 4,000 | 1.000 | Surface Chlorination le 
Tinaquillo 4,000 2.000 | Deep wells Softening, chlorination 
Tucupita 4,000 1.000 | Surface Filtration, chlorination +) 
Pedregal 3,000 0.600 | Well Demineralization 
EI Concejo 2,000 1.000 | Surface Chlorination 
Delicias 2,000 0.500 | Surface Chlorination 
Tora 544,000 | 170.400 | 


Writ 


Water Supplies Operated 
Populati | 
opulation Source of 
mld .* % 

Valencia 30,000 8.500 Surface, wells} Chlorination 
San Cristébal 27,342 6.800 Surface | Chlorination 
Puerto Cabello 15,144 4.500 Surface | Chlorination 
La Guaira, Maiquetia 12,360 4.000 Surface, wells| Chlorination 
Bolivar 7,248 2.600 97.5 Surface | Chlorination 
Maturia 6,522 1.500 100.0 Wells Chlorination 
La Victoria : 5,580 1.300 100.0 Wells j Chlorination 
Villa de Cura 4,658 1.000 42.5 Wells Chlorination 
San Fernando 4,276 1.000 Wells Chlorination 
Barcelona 4,200 1.200 Surface Chlorination 
San Juan de los Morros 3,936 0.900 Surface Chlorination 
Guacara 3,138 0.800 Wells Chlorination 
Macuto, Caraballeda 1,890 0.500 Surface | Chlorination 
Cuiia 1,596 0.400 75.0 Well | Chlorination 
Naiguata 918 0.300 Surface | Chlorination 
Carayaca 606 0.150 Surface | Chlorination 
Colon Recently Contracted 

San Antonio Recently Contracted 

TOTAL 129,412 | 35.410 | 


* Million liters per day. 


7 


> 


a 
| 
ie 
| 
| 


TABLE 4 
Water Supplies Under Technical Supervision 


Town Capacity Supply Treatment 
mld.* 
Maracaibo 150,000 19.000 Wells Iron and manganese removal, chlo- 
rination 
Mérida 17,000 7.000 Surface | Coagulation, filtration, chlorination 
Valera 12,000 6.500 Surface | Chlorination 
Turmero, Cagua 10,000 2.500 Surface | Filtration, chlorination 
TOTAL 189,000 


* Million liters per day. 
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Sanitation for the American Forces in Calcutta } 01 
T 
By D. C. Teal 
A papér presented on Nov. 15, 1946, at the Virginia Section Meeting, son. 
Richmond, Va., by D. C. Teal, San. Engr., Chesapeake & Ohio Railway for 
Co., Richmond, Va.; formerly Base Section San. Engr. for the U.S. than 
Army San. Corps in Calcutta. ore 
its 
HEN Japanese victories in 1942 lies live in a single room, with the adfpum 
closed the old Burma Road, geo- _jacent gutter as their latrine. Bathingfin th 


graphic conditions made Calcutta the 
principal supply base of the U.S. Army 
for construction of the new Ledo Road 
and, later, for the furnishing of sup- 
plies and other military aid to China. 
Its situation, plus its size—Calcutta is 
the second largest city in the British 
Empire—made it of especial impor- 
tance to U.S. Army authorities. 

Calcutta is situated on flat land 22 
ft. above sea level. It is 80 miles up 
the Hooghly River from the Bay of 
Bengal at 22 deg. north latitude. Its 
climate is semitropical; from March 
through October it is hot and enervat- 
ing, with daily highs up to 105°F. 
The winter months are delightful, how- 
ever, somewhat like October in Vir- 
ginia. The average yearly rainfall is 
62 in., 75 per cent of which falls during 
July, August and September. 

The Calcutta area has a population 
of approximately 5.5 million. Cholera, 
smallpox and malaria are endemic, 
with death rates up to 50 per day dur- 
ing epidemics. The average life ex- 
pectancy for residents of this part of 
India is 27 years. 

An estimated two-thirds of the pop- 
ulation live in “bustoes”—poverty 
stricken areas of primitive, bamboo 
and clay walled buildings with mud 
floors and straw thatched roofs, all 
densely crowded Large 


and washing of clothes is done in thfand 
same drainage ponds that receive th|pres: 
sewage from the gutters. Drinkingfing t 
water is obtained from community}pumy 
wells. ‘many 

British, Eurasians and high castjsure 
Indians of Calcutta live in houses oftown 
apartments and work in an environ} Th 
ment that, with certain exceptions§Calct 
compares with that found in the averfof co 
age European city. The exceptiongfrom 
are due to the ancient customs of Indiafgrout 


and to the enervating climate. press 
Inste: 
Water Supply oy 


Two water systems serve moderifto do 
Calcutta—one filtered, the other unfareas 
filtered. Water for the filtered systenfof ov: 
is pumped from the Hooghly Rive 
about 18 miles north of the city. | 
passes through a series of settling ba 
sins and then through approximatel 
4 ft. of slow sand filter. A chlorin 
dosage of about 2.0 ppm. is added 
controlled to leave 0.015 ppm. residud 
after 30 minutes’ contact. The wate 
is then pumped 12 miles through larg 
mains into a system of elevated an 
ground level storage reservoirs locat 
at the northern outskirts of the city 
From the reservoirs the water is f 
—by gravity from the 90-ft. high el 
vated tanks, and by pressure pum 
the ground level reservoirs—intdrally 
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the distribution system. More chlorine 
i; added and the water enters the dis- 
tribution system with a residual of 
0.015 ppm. 

The filtration plant produces about 
75 mgd. (U.S.), or 30 gpd. per per- 
son. During war years, the demand 
for filtered water was much greater 
than the plant could supply. To con- 
serve water, the corporation operated 
its distribution system valves and 
he ad{pumps to keep a pressure of 40 psi. 
athing}in the mains only during the morning 
in thtand evening hours. Theoretically a 
ve th|pressure of 8 psi. was maintained dur- 
inkingfing the rest of the day by low pressure 
nunity} pumps, but, in reality, leakage and the 
‘|many miles of lines absorbed this pres- 
cast}sure long before it reached the down- 


tta 


ses oftown areas. 
iron’ The principal sanitary defects of 
ptions§ Calcutta’s filtered water system were, 
averfof course, the dangers of contamination 
ptiongfrom back-siphonage and seepage of 
Indiggground waters during periods of no 
pressure and inadequate chlorination. 
Instead of having a slight amount of 
free chlorine in it, the water delivered 
to downtown and southern residential 
areas actually had a chlorine demand 
oi over 0.5 ppm. Numerous bacterio- 
ogical tests of Calcutta’s filtered water 
vere made by the U.S. Army labora- 
ories during 1944 and 1945, and ap- 
roximately 30 per cent were found 
onpotable. 

Lack of sufficient filtered water 
many downtown buildings, 
artments and large homes to install 
heir own drilled well supplies. These 
laces usually had ground level tanks 
or collection and storage of water from 
ypoth sources, together with a pump 
or transfer of water to roof tanks. 
‘he presence of two, sometimes three, 
vater systems in one building nat- 
rally caused confusion and made cross- 


connections a possible danger in the 
plumbing—another grave sanitary de- 
fect. 

Calcutta’s unfiltered water is pumped 
from the Hooghly River directly into 


the distribution system. The two 
pumping stations together produce 
about 80 mgd. (U.S.). This unfil- 


tered water is used for flushing toilets, 
fire protection, washing down pave- 
ments and other general purposes. 


Sewage Disposal 


Approximately half of Calcutta’s in- 
corporated area of 30 square miles is 
served by a combination underground 
storm water and sewage drainage sys- 
tem. In a 1942 report of the City 
Health Dept., it is stated that 43,288 
houses were then equipped with flush 
type toilets connected to the sewer 
system, while, in the unsewered areas, 
40,487 houses were served by pail la- 
trines. At that time 200 carts were 
being used for removal of night soil 
to two large depositories, where the 
contents were flushed into the water- 
borne sewage system. 

The author well remembers his first 
visit to the house of a wealthy Indian 
who lived in a palatial 20-room home 
on the banks’ of the Hooghly. When 
directed to the men’s room by one of 
the many servants, he found a large 
room with 10 or 15 covered enamel 
buckets on benches. 

There were 89 miles of underground 
brick sewers, 283 miles of sewer pipe 
and 346 miles of open concrete and 
brick gutters in service at that time. 
The open gutters receive sewage from 
houses, as well as storm water drain- 
age. The underground collecting 
mains gravitate to two pumping sta- 
tions where the contents are lifted to 
a height of about 15 ft. and directed 


through high level sewers to a place 
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on the southern outskirts of the city. 
From this point the combined storm 
water and sewage flow through an open 
channel to a place 5 miles south of the 
city, where they empty into two cir- 
cular, continuous-flow type presettle- 
ment tanks. There is a retention pe- 
riod of about 14 hours in these tanks, 
during which approximately 85 per 
cent of the solids settle out and are 
transferred mechanically to digestion 
tanks. The effluent from the pre- 
settlement tanks flows some 17 miles 
east through open channels into the 
Kulti River. The sewage plant and 
the channel to the river are in sparsely 
inhabited territory. 


Garbage Disposal 


During the war years the Calcutta 
Corporation garbage-collecting depart- 
ment suffered periodic breakdowns, 
usually attributed to lack of trucks. 
During these periods the garbage went 
uncollected for days, sometimes weeks. 
The garbage cans or dust bins, as they 
are called, were then of little use and 
served more as a center for the garbage 
pile than as a container. At these 
times, downtown Calcutta and fashion- 
able suburbs competed with the squalid 
bustoes for the largest and most odor- 
ous accumulations of garbage. The 
flies and scavenger buzzards of India 
fed and multiplied. 
Markets and Restaurants 

Many glaring examples of insanita- 
tion were found in the bazaars or mar- 
ket areas and in the _ restaurants. 
There are many markets in and around 
the city. The so-called “New Market,” 
which is by far the best one, serves 
downtown or “European” Calcutta. 
Its one public latrine is entirely in- 
adequate for the 6,000 people working 
in its stalls, to say nothing of the thou- 
sands of daily visitors. As a result, 
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the alleys between stalls were soi pr 
day and night. Those passages nof kite 
occupied by transient vendors were alf stat 
ways littered with decomposed leaves ing 
and rotting fruits. The drainage guy} lizit 
ters, blocked with refuse, added to th 
stench. Stalls were unscreened, an; 
during the hot season clouds of fliee A 
swarmed in the food marts. Calc 

Of 224 samples of milk taken fropf was 
the New Market area—during a cholf nece 
era epidemic, incidentally—in April and war 
May, 1945, 151 were found to be adulf quat 
terated, some samples more than 7}Late 
per cent. Organisms of Escherichiling 
coli were found in all adulterated hote 
ples, suggesting that unfiltered Hooghly and 
River water had been used for the dilpj cons 


tion. The colony plate count averthe 
aged over 1,000,000 per ml. verse 

Calcutta was ill prepared to houg there 
or to feed the thousands of transieng Calet 
soldiers who poured through it. const 
old established eating places were soog desig 


swamped with trade and trying desas a 


perately to handle three times thgmost 
business for which they were equippeg regul: 
had 


New .restaurants opened with impr 


could find. 
paring and cooking food in the sa 
alleys they used as latrines. Only 
few had any sort of toilet facilities 
their employees. There was invaria 
extreme unwillingness on the part 
the proprietors to spend any mo 
on hygienic improvements. The 
cient Indian caste system makes 
proprietor much too superior to | 
concerned with direct supervision 
Itis kitchen, and the 25¢ per day coolff 
and bearers carry on as they pleas 


The Indian ritual of cleansing wig! usas 
water by hand after defecation assump” th 
nit ay 


that the hands and frequently the b 
feet of every Indian food bearer 
contaminated most of the time. C 
ing and dishwashing equipment 2 


ate) 
W it 
h 
acn 
ich 


primitive, and the average Indian 


soil 

es not kitchen worker just does not under- 

ere aif stand or believe in the need of wash- 

leave} ing his own hands with soap or steri- 

e lizing dishes with hot water. 

by Arrival of U.S. Troops 

of American troops began arriving in 
Calcutta early in 1943. Their entrance 

1 frop} was not a planned operation but one 

1 cholf necessitated by adverse fortunes of 

ril anf war in the Pacific. First arrivals were 


adul, quartered in British Army camps. 
ian 74Later, provisions were made for hous- 
erichyjing U.S. troops in old jute mills, 
d samfhotels, converted apartments, colleges 
ooghijand orphanages. At the same time, 
e diljconstruction of temporary camps for 
the Americans was begun under re- 
verse lend lease, and by late 1944 
dthere were over 30 such camps in the 
Calcutta area. These new camps were 
constructed in accordance with British 
design and Indian workmanship and, 
asa result of differences in standards, 
most of the U.S. Army Medical Dept. 
regulations on the housing of troops 
had to be temporarily disregarded. 
With the passing of time, however, 
Jmany sanitary improvements were 
made, and, by the end of their stay, 
basic living conditions in general ap- 
proached the Americans’ ideas of hy- 
iene and comfort. 


aver 


ater Supply for Camps 


With 62 in. of rainfall per year, it 
was usually possible to obtain water 


es 
to wsupply for the new camps from wells 
jon @/3- to 3-in. in diameter. The water was 


umped into elevated concrete tanks, 
irom which it was piped to points 
f usage—mess halls and bath houses. 
n these camps, each company or 
nit area had its own water system. 
ome camps had as many as 12 wells, 
ch supplying 5 or 6 tanks, each of 
hich served a company or unit area. 
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All drilled wells were 200 or iniowe ft. 
deep, cased the full depth with well 
screens at the bottom. The alluvial 
sandy soil of the region made well 


drilling easy, even though done Indian 


style with hand-operated drill rigs. 

Pumps were usually gasoline engine 
driven centrifugal types rated at capac- 
ities of 15 to 60 gpm. They were set 
in well pits 6- to 10-ft. deep, with the 
pump suction attached directly to the 
top of the well casing. This procedure, 
most unorthodox to the American point 
of view, was found to be common prac- 
tice in this part of India. The fact 
that the ground water table is 8 to 10 
ft. below ground level during the rainy 
season, with a maximum depth of about 
16 ft. during the dry winter months, 
makes this possible. Usually the army 
pumping equipment had a greater ca- 
pacity than the small diameter well 
could supply, and it has been suggested 
that this fact may have enabled it to 
overcome the priming difficulties in- 
herent in such an arrangement. 

In attempts to supply demands, the 
pumps were operated 12 to 18 hours a 
day. Daily consumption averaged 35 
to 45 gpd. per person in camps with 
pit latrines and up to 100 gpd. per 
person at camps with septic tank 
water-borne sewage disposal. A dis- 
tinction must be made between con- 
sumption and demand, as there never 
was an army camp or billet in India 
where the water supply as originally 
planned managed to meet maximum 
demands of the troops. In practically 
all camps, water rationing of one sort 
or another had to be employed at times. 

Water storage tanks at the new 
camps had capacities of 2,500 to 10,000 
gal. They were made of concrete, 
completely enclosed and placed on 
brick towers 16 to 20 ft. high. Total 
storage capacity was seldom greater 
than 4 of the daily consumption. 
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Field and laboratory tests made in 
1944, with a few exceptions, showed 
the ground waters of the Calcutta area 
to be of good bacteriological quality 
and suited for normal domestic uses. 
Most supplies had no turbidity or 
color, no odor, were palatable, had a 
chlorine demand of 1.5 to 2.5 ppm., a 
pH of 7.4 to 7.8, 20 to 50 ppm. of chlo- 
rides, no phenolphthalein alkalinity 
and a methyl orange alkalinity of 350 
to 500 ppm. The city of Calcutta 
seems to be the dividing point for chlo- 
rides, as north of the city ground wa- 
ters contain less than 50 ppm., whereas 
to the south, toward the Bay of Bengal, 
the chloride content increases almost 
immediately to over 500 ppm. 

Basic Army regulations made it 
mandatory from the beginning that all 
military drinking water supplies be 
chlorinated. On arrival, the standard 
Army lyster bag method was used. 
Its faults were many; the water was 
often handled in an insanitary manner 
by the Indian laborers assigned to keep 
it filled, and sometimes the enlisted 
man responsible would fail to add chlo- 
rine. The water usually tasted pretty 
bad after standing all day in a rubber 
bag at a temperature of about 100°F. 
In 1944 the lyster bag method was re- 
placed at most camps by improvised 
arrangements designed to chlorinate 
the entire distribution system. This 
was usually done by tapping the suction 
line at each pump and installing a 4-in. 
copper or aluminum pipe from that 
point to a tank of hypochlorite solu- 
tion. A certain measure of dosage 
control was achieved by installing 
unions with an orifice plate at the front 
end of the chlorine feed lines, where 
the orifice could easily be inspected and 
kept open. The Army directive issued 
for this type of chlorination called for 
adjustment of dosage to provide 1.0 
ppm. of residual chlorine in storage 
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tanks, this usually reduced to aroun 
0.5 ppm. at the taps. 

In midsummer 1945, 400 Wallace ¢ 
Tiernan meter-operated line chloring 
tors were. received for the India-Burm, 
theater, and 85 of these were desig. 
nated for the Calcutta area. By Sep 
tember most of them had been jp. 
stalled, usually just ahead of the pump 
ing units. With the exception of tw 
or three wells that pumped consider. 
able quantities of sand, these chlorip. 
ators worked reasonably well for th 
last six months of American occupangy 

Billets inside the city using corpo. 
tion water were required to chlorinay 
their drinking water regardless of cit 
treatment, which, as stated, was uw. 
reliable. At most city billets the wate 
storage arrangements were particular) 
suited to hand chlorination. As q 
example, the water supply for the six 
story Hindustani Building, U.S. Arm 
Headquarters in Calcutta, was collecte 
in an underground concrete tank an 
pumped into the roof tanks. The a 
fer pump operated on a fairly unifor 
schedule, and a consistent 0.2—0.5 ppm 
chlorine residual was maintained ; 
the distribution system by adding 7 
per cent calcium hypochlorite to th 
ground tank just before each filling. 

During 1943 and early 1944, they 
was no routine established way 
checking the potability of Army drini 
ing waters except by field tests for r 
sidual chlorine. During late 1944 ap 
early 1945 the various Army hospi 
laboratories were organized to mai 
bacteriological examinations of wate; 
and a directive was published early 4 
1945 requiring that: 

1. Each separate water supply us¢ 
for drinking or oral hygiene was to 
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tested twice daily for residual chlori ing ¢ 


2. A composite record of these resi! but w 
ual chlorine tests was to be kept a Con 
latrin 


held available for inspection. 
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3. Water samples from each sep- 
arate system were to be collected twice 
monthly and submitted to the nearest 
Army hospital laboratory for bacterio- 
logical examination. 

Copies of results of the tests were 
then sent to the Base Sanitary Engi- 
neer, enabling him to devote attention 
to places most needed. 

Approximately 93 per cent of the 
semimonthly water samples examined 
at the Army hospitals serving the Cal- 
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the commanding officers of the camps 
so equipped were convinced and will- 
ing to go to any length to eliminate 
flies. Usually the original pit latrines 
had to be rebuilt according to U.S. 
Army standards of construction and 
flyproofing. A supply of DDT was 
received in late 1944 which, when made 
into a 5 per cent solution in 95 per cent 
of kerosene and sprayed on walls and 
screens or latrines, proved very effi- 
cient in control of this vector of the 


nd potab riologi- ; 


Sewage Disposal for Camps 


Most of the outlying camps had pit 
latrines, but the new camps inside the 
city limits were provided with concrete 
trough toilets, fitted with seats and 
hinged lids and with a 20-gal. water 
tank at one end that automatically 
emptied into the trough every 15 to 
20 minutes. The sewage from this was 
directed into a British type septic tank, 
from which the effluent usually drained 
into the nearest of the artificial drain- 
age ponds that abound in this region. 

This automatic flush arrangement 
resulted in the use of three to four 
times more water than single unit toi- 
lets would have required. So much 


vinif Water was sent through the septic tanks 


that there was never sufficient reten- 
tion time for the settling out of solids 
or the formation of an upper crust. 
As a result, much raw sewage came 


J out with the effluent to pollute drain- 


age ponds and create additional 
stenches. Efforts were made to cor- 
rect these bad conditions by slowing 
down the automatic flushing and add- 
ing chlorine to the effluent reservoir, 


i@ but with little success. 


Control of fly breeding around pit 
latrines was at first a serious problem, 
but, after a few epidemics of diarrhea, 


‘eae in the province of Bengal. 


The specter of malaria was always 
A 
splenic index survey made in 1943 in- 
dicates that over 30 per cent of the 
native population have suffered at one 
time or another from this disease. Its 
incidence among U.S. troops, however, 
was kept well in hand by a forehanded 
control program. 

U.S. Army malaria prevention work 
was divided into two phases: environ- 
mental control and individual preven- 
tive measures. The environmental con- 
trol work was under direction of the 
base malariologist, who early in 1943 
made surveys and set up a malaria con- 
trol organization. Groups of Indian 
laborers under Army supervision were 
assigned to each camp or, in some 
places, to an area occupied by two or 
three small units. At the larger camps, 
one to five hundred laborers, subdi- 
vided into small “specialist” groups, 
patrolled the camp area and the sur- 
rounding environs to a distance of half 
a mile, ditching to drain stagnant pools, 
cleaning vegetation from stream edges 
and from drainage ponds, oiling still 
waters that could not be drained and 
otherwise attempting to destroy the 
Anopheles mosquito. 

Enforcing individual malaria control 
was a responsibility of the unit com- 
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manding officers. It included sleeping 
under mosquito nets, wearing protec- 
tive clothing at night, the use of re- 
pellents and spraying sleeping quarters 
with aerosol pyrethrum bombs. That 
the malaria control work paid good 
dividends is proved by the low inci- 
dence of malaria among U.S. troops 
living in the Calcutta area, which was 
less than in some camps in the south- 
ern United States. a 


Control of Restaurant Sanitation 


For reasons of policy—as well as the 
lack of U.S. Medical Dept. and Mili- 
tarly Police personnel—any attempt to 
control restaurant sanitation in Cal- 
cutta had to be a joint undertaking by 
both British and Americans. To this 
end the “Allied Hygiene Committee” 
was formed late in 1943 of represen- 
tatives from British and American army 
medical departments and the British 
and American provost marshals. 

The control of restaurant sanitation 
was somewhat simplified because only 
a relatively small part of Calcutta was 
declared “in bounds.” In this area 
there were at first over 100 eating es- 
tablishments, catering to allied troops. 
By 1945 this number had been cut 
down to less than 50. 

When the Allied Hygiene Commit- 
tee first took over, each inspecting of- 
ficer worked more or less according to 
his own schedule and ideas of sanita- 
tion. General policies and procedures 
gradually assumed more definite form 
as members acquired a background of 
experience. A sanitary code for res- 
turants was promulgated for the guid- 
ance of allconcerned. The “in bounds” 
area was divided into zones and a 
schedule devised to insure that each 
restaurant would be inspected at least 
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every other week. Each restaurant 
was required to keep a sanitary diary 
in which the inspecting officer noted his 
findings. When “out of bounds” ree. 
ommendations were made, the two Pro. 
vost Marshals were advised by phone. 
so that immediate action could be taken 
The minimum “out of bounds” period 
was two weeks, after which the place 
would be re-inspected by the officers 
who had made the original recommen. 
dation. If not yet satisfactory, it was 
put out of bounds permanently. Con. 
spicuous “in bounds” and “out 6 
bounds” signs were designed and al} 
-ating places were placarded. The 
military police work of posting and 
enforcing the committee’s rulings was 
performed by the British Provost 
Marshal. 

The activities of the Allied Hygiene 
Committee were extended in 1945 to 
control of soda water plants and pro- 
duction of ice cream sold by the “in 
bounds” restaurants. Sanitary codes 
were published and their observance 
enforced by frequent inspections and 
routine bacteriological examination of 
the product. 

U.S. Army diarrhea rates decreased 
from 322 per thousand per year for 
1944 to 150 per thousand per year for 
1945 in the Calcutta area. It is be 
lieved that improved restaurant sani- 
tation, in addition to better camp liv: 
ing conditions and safer drinking wa 
ter, contributed to the lower 1945 rates 

The policy of the American Army 
from the first was to protect the health 
of its troops by all possible means, in- 
cluding education of the Indians where 
concerned. It is doubtful, however. 
whether the standards of sanitation ex 
pounded by the Americans will 
either observed or remembered 
Mother India. | 
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HE chemical characteristics of 

ground waters on the coastal 
plains of California from the Mexican 
border to Monterey vary markedly as 
one proceeds from the mountains to- 
ward the sea. A brief discussion of 
these changes may assign their causes, 
as far as they are apparent, and direct 
especial attention to the Los Angeles 
coastal plain. 

For standards of reference Frank 
Wigglesworth Clarke’s average analy- 
sis of several thousand fresh waters 
throughout the United States has been 
chosen (1). For salt water the aver- 
age of 77 samples of ocean water given 
by Dittmar has been used (2). 

Of the many forms in which chemi- 
cal analyses can be expressed, prefer- 
ence for this study has been given to 
that first proposed by Dr. Chase 
Palmer (3). The principal feature of 
this method is the concept of water as 
a chemical solution possessing specific 
properties. Minor constituents are ig- 
nored and only the bases and acids, 
which must always be in equilibrium 
with each other (except in acid wa- 
ters), are considered. Palmer em- 
ploys the ionic form of expression and 
gives his values in terms of milligram 
equivalents of hydrogen. The sum of 
the milligram equivalents of both acids 
and bases he calls the “concentration 
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value,” which, of course, is a measure 
of the total salines minus silica, iron, 
aluminum and manganese. Using the 
concentration value to divide the 
weight of each constituent in milli- 
gram equivalents, a statement show- 
ing the percentage value of each con- 
stituent is obtained, and this statement 
is called the “character formula.” One 
of the advantages of this form of ex- 
pressing the results of an analysis is 
that it eliminates misleading differences 
in the amount of dissolved mineral 
present, as affected by wet and dry 
seasons. 

It is safe to assume that the chemi- 
cal character of water from a given 
well, as portrayed by the character 
formula, should remain practically con- 
stant year after year, despite fluctua- 
tions in the concentration value, for 
water coming to the well must always 
follow the same underground path and 
so be subjected to the same environ- 
mental influences. In practice this is 
found to be true unless adventitious 
waters find their way into the tribu- 
tary aquifers. Incipient infiltration of 
industrial wastes, or of sea water, are 


quickly detected in the changing values — 
Secause of 


of the character formula. 


this quick revelation of even minor | 
changes, and also for sake of brevity, | 
only the character formula will be 
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TABLE 1 


RADICALS Per Cent 

Calcium (Ca) 27.82 

Magnesium (Mg) 11.51 

Sodium (Na) 9.35 

Potassium (K) 1.32 

Bicarbonate (HCO;) 33.52 
Chloride (C1) 


6.34 
Nitrate (NO;) 0.55 
given, other analytical details being 
omitted except in special cases. 
Clarke’s national average for fresh 
waters exhibits the character formula 
shown in Table 1. It is noteworthy, 
first, that calcium is the dominant base, 
magnesium in second place, and sodium 
least abundant; and, second, that the 
dominant acid radical is carbonate, 
sulfate occupying second place, and 
chloride least abundant (ignoring ni- 
trate, which is only very rarely pres- 
ent in significant amounts). 


Coastal Plain Waters 


To represent ground waters enter- 
ing the Los Angeles coastal plain two 
analyses have been selected, one of 
water from Burbank Well No. 9, tap- 
ping the underflow from the moun- 
tains, and one from the subflow of 
Verdugo Canyon Creek, as extracted 
by the city of Glendale. These analy- 
ses, which are given in Table 2, agree 
in the order of abundance of the bases 
and acids with the list given by Clarke. 
In other words, these are normal un- 


he TABLE 3 
Analysis of Glendale Well No.2 
RADICALS Per Cent 
Calcium (Ca) 24.91 
Magnesium (Mg) 8.69 
Sodium (Na) 7 16.40 
Bicarbonate 29.47 
Chloride (Cl) 7.90 
Sulfate (SO4) 12.63 


National Average Analysis of Fresh Waters — 
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TABLE 2 
Waters Entering the Los Angeles Coastal Plain 


RADICALS BURBANK GLENDALE 


Cent 
Calcium (Ca) 
Magnesium (Mg) 
Sodium (Na) 
Bicarbonate (HCO;) 
Chloride (Cl) 
Sulfate (SO,) 


24.67 
14.86 
10.47 
32.19 
5.91 
11.90 


altered fresh waters. A sample from 
Glendale’s Well No. 2, however, far. 
ther down on the edge of the coastal 
plain, has the character shown in Ta- 
ble 3. It can be seen that sodium has 
taken second place among the bases, 

Water from the upper edge of the 
coastal basin is shown to be changing 
in character from that of the tributary 
streams as represented above, the 
change being marked by an increase 
in sodium and chloride, although the 
latter acid radical is still third, 

Still farther down on the coastal 
plain is the city of Inglewood, in which 
Well No. 22 yields the water shown 
in Table 4. Chloride may be observed 
to have gained over sulfate, and te 
have reached second position among 
the acids. The changes to be observed 
in this series of waters, especially the 
increase in chloride, are to be as 
cribed to contact with the alluvium of 
the coastal plain, a phenomenon which 
the author has called the “basin in- 
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TABLE 4 
“Basin Influence” in Inglewood Well No. 


Per Ceni 0 


21.46 
11.15 
17.39 hy 
30.00 
12.12 


(1.88 


RADICALS 
~ Calcium (Ca) 
Magnesium (Mg) 
Sodium (Na) 
Bicarbonate (HCO;) 
Chloride (Cl) 
Sulfate (SO,) 
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quence,” for it is characteristic of all 
the California coastal valleys with 
which he is familiar. 


Geological History 


The source of the change is to be 
sought in the history of the region. 
Many times the California coast has 
heen alternately raised and depressed, 
or, what amounts to the same thing, 
the ocean level has been lowered and 
elevated, so that the coastal valleys 
have been repeatedly flooded with sea 
water. Geologists speak of such val- 
leys as having been “drowned.” 

The old valley which gradually filled 
with alluvial material to produce the 
present Los Angeles coastal plain has 
been drowned all the way to the moun- 
tains, and much of the present alluvial 
fill was deposited under salt water, 
hence retaining considerable amounts 
of salt. In fact, residual brines from 
those early ocean floodings are still 
to be found at considerable depths 
throughout the coastal basin, adjacent 
to oil-bearing sands. Apparently, salt 
from these early brines is still being 
leached from the alluvium by percolat- 
ing ground waters, accounting for such 
changes as are shown in the analyses 
given above. Where the anticipated 
increase in sodium is not evident, its 
absence can probably be properly as- 


fcribed to base exchange taking place 


in the alluvium. 
But there are other changes to be 
observed in well waters from the coastal 


lain, angl these are also a reflection of 
he geological history of the region. 
uring the long periods when the Cali- 
ornia coast was slowly subsiding, fresh 
ater lakes appeared in various places, 
nd, as is usual in shallow lakes, they 
upported luxuriant growths of tules, 
edges and other marginal plants. 
lood waters brought sand and silt 
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which was deposited upon the slowly 
sinking area, and the growths con- 
tinued, gradually building great bogs 


of decaying vegetation, always topped | 


by living plants. Eventually, mean- 


dering streams laid down a covering _ 
of alluvium which buried the accumu- — 


lated growths. Later the coast started 
to rise again and the waters receded. 


In the Wilmington district these de-_ 


posits of plant remains, now converted 
into peat, are several hundred feet in 


thickness, and are overlaid by 200 or © 


300 ft. of alluvium. The porous peats 
form subterranean reservoirs in which 


the underflow of the Los Angeles and | 


San Gabriel Rivers isimpounded. This 
environment is distinctly different from 
that found in the sand and gravel aqui- 
fers elsewhere on the plain. 

Deposited in the peat along with the 
tules were bacteria of many kinds and 
habits. At least some types of these 
bacteria still persist; among them we 
find today, in water coming from the 
peats, those organisms which break 
down cellulose, the most abundant ma- 
terial in plant structures, utilizing for 
food the sugar so released, and split- 
ting off methane and carbon dioxide. 
All bacteria require oxygen, but in the 
peats the supply of this gas from the 
atmosphere has been cut off, and the 
cellulose-splitting bacteria are depend- 
ent upon the activities of other bacteria 
which reduce sulfates in the ground 
water, releasing enough oxygen for 
both organisms, and producing hy- 


drogen sulfide as a by-product. 


Effects Upon Ground Waters 


Water from the underflow of the 
Los Angeles River, with a total hard- 
ness in excess of 250 ppm. and 125 
ppm. of sulfates, is profoundly altered 
as it percclates through this unusual 
environment. The calcium and mag- 
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nesium are almost completely removed, 
being replaced by sodium, for the 
humic compounds resulting from bac- 
terial decomposition of the tules pos- 
sess high base-exchange properties. 
The sulfates are reduced to the vanish- 
ing point by the sulfate-utilizing bac- 
teria, carbonic acid from the decompo- 
sition of cellulose taking its place. In 
this process chlorides are not affected, 
an important point to remember, for it 
possesses diagnostic value when one 
seeks the source of an altered water. 

The city of Long Beach has long 
enjoyed soft water from wells in the 
peat formations, for which the only 
cost has been water of an amber hue, 


TABLE 5 


Analysis of Peat-Altered Water 
From Wilmington 


RADICALS ppm. Per Cent 
Calcium (Ca) 13 6.87 
Magnesium (Mg) 5 4.36 
Sodium (Na) 84 38.73 
Bicarbonate (HCOs) 195 33.90 
Chloride (Cl) 54 16.10 
Sulfate (SO,) 0 0 


slightly tainted with hydrogen sulfide. 
The analysis of water from a well in 
Wilmington, given in Table 5, shows 
the character of the peat-altered water. 
The mineral load is so low that the 
values for the various constituents are 
given, in Table 5, in parts per million 
as well as in percentages. 

The telltale earmarks of this type 
of alteration are, in the acids, the high 
carbonates and low sulfates, accom- 
panied by normal amounts of chloride, 
and, in the bases, the gain of sodium 
over calcium and magnesium. 

A glimpse of another episode in the 
geological history of the Los Angeles 
coastal plain is afforded by a well in 
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TABLE 6 


Analyses of Normal and Peat Water 


From Ballona Basin 


RADICALS 


BASIN 
NORMAL 


WATER 


Calcium (Ca) 
Magnesium (Mg) 
Sodium (Na) 
Bicarbonate (HCO;) 
Chloride (Cl) 
Sulfate (SO,) 


Per 
20.30 
14.38 
15.32 
18.05 

9.70 
21.32 


Cent 
19.70 
12.24 
18.06 
37.00 
12.04 
0.96 


the lower Ballona Creek basin. 
parently, peat beds similar to those 
underlying Wilmington once filled this 
valley, but subsequent erosion by flood 
waters—probably of the Los Angele 
River which formerly reached the Pa. 
cific Ocean near Playa del Rey— 
washed away all but a lenticular mas 
lying south of the present south levee 
of Ballona Creek. 
remnant is found in the character of 
water derived from a well 80 ft. south 
of the levee, and from another 225 ft 
distant from the first one. 
waters are radically different in char 
acter from any others in the valley 
and plainly show the influence of th: 
peat environment, as may be seen from 
the analysis in Table 6, which is pre 
sented in parallel with the normal fo 
the Ballona basin. 


Evidence of this 


The effect of bas: 


TABLE 7 


Analysis of a Well Invaded by Chemical Was 
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RADICALS 


VERNON 
WELL 


Magnes 
Sodium 


(Na+ 


{AFFECTED 
BANDINI 
WELL 


Calcium (Ca) 
Magnesium (Mg) 
Sodium (Na) 
Bicarbonate (HCO;) 
Chloride (Cl) 
Sulfate (SO,) 


Per 
24.00 
11.55 
14.45 
31.70 

5.63 
12.67 


Carbonz 
Chloride 
Sulfate 


Cent 
27.55 
13.80 
8.65 
0.37 
5.37 
44.26 
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TABLE 8 
tar  Subfarie Acid Encroachment in a Well 


RADICALS 6/19/31 7/5/32 9/13/32 | 10/1/32 | 11/1/32 
Per Cent 

Calcium (Ca) 28.58 30.31 28.04 24.50 22.05 
Magnesium (Mg) 9.74 ees 6.55 5:55 4.55 
Sodium (Na) 11.68 $2.5 15.41 19.95 23.40 
Bicarbonate (HCOs;) 45.35 42.75 40.59 36.75 34.44 
Chloride (Cl) 3.10 4.30 6.01 7.50 
Sulfate (SO,) 3.52 5.11 7.24 8.06 


‘change is not in evidence, perhaps 
due to the small volume of the peat, 
which, having become saturated with 
calcium and magnesium, is no longer 
able to remove these bases from the 
percolating water. 


Man-Made Changes 


Two more types of mutation in 
coastal plain waters remain to be men- 
tioned, but they are due to the agency 
f man, and not to the geological his- 
tory of the area. For many years 
chemical plants along the Los Angeles 
River channel have been discharging 
sulfuric acid wastes, which also con- 


tan calcium sulfate in solution, into 
TABLE 9 
Comparison of Sea Water and an 
Oil Field Brine 
OIL 
RADICALS OCEAN | FIELD 
BRIN! 
—WCalcium (Ca) £77 1.6 
Magnesium (Mg) 8.92) 0.5 
Sodium and potassium 
(Na+K) 39.31) 47.81 
Carbonate (COs) 0.16) 18.94 
Chloride (Cl) 45.15) 31.04 
Sulfate (SO4) 0.02 
ppm. 
Bulfate (by weight) 1,200] 6 
Total salines 35,000) 19,500 
Bicarbonate (HCO;) 7,963 


142) 


the ground in such a manner that they 
reach the upper water-bearing gravels. 

The waters of a well south of these 
plants, on Bandini Boulevard, have 
been invaded and ruined, as shown by 
the analysis presented in Table 7, in 
parallel with one of the Vernon City 
wells which may be taken as normal 
for the area. The total salines insthe 
3andini well are nine times greater 
than normal for the Vernon area, and 
sulfates have almost completely dis- 
placed carbonates. Only chlorides re- 
main practically unchanged. 

Evidence that this contamination of 
ground water by sulfuric acid has been 
going on for a long time is found in a 
series of five analyses, covering a pe- 
riod of about 18 months in 1931 and 
1932, of water from a well in North 
Long Beach, known as the “Funder- 


TABLE 10 
Salt Water Invasion Masked by Base Exchange 


RADICALS 9/7/46 
Per Cent ' 
Calcium (Ca) 18.80 | 18.35 | 22.03 
Magnesium (Mg) 5.47 | 9.24] 9.48 
Sodium (Na) 25.73 | 22.41 | 18.49 
Bicarbonate (HCO;) 24.94 | 21.60} 12.78 
Chloride (Cl) 19.89 | 22.53 | 31.39 
Sulfate (SO,) 5.17 | S83 
ppm. 

Chloride (by weight) 116 | 128 | 290 
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burk” well. These analyses, given in 
Table 8, are in direct accord with the 
movement of ground water from the 
chemical plants. 

By weight, sulfates have increased 
during this period from 6 to 35 ppm., 
whereas carbonates decreased from 232 
to 190 ppm. The usefulness of the 
“character formula” in revealing such 
changes is well exemplified in this 
series of analyses of a moderately min- 
eralized water. The progressive in- 
crease of sulfate over carbonate af- 
fords unmistakable evidence, although 
the increase in total salines was only 
from 235 to 260 ppm. This well was 


TABLE 11 
Effect of Carbonaceous Materials on Four Wells 
RADICALS A B Cc D 
Per Cent 

Calcium (Ca) 20.92} 20.67) 18.65} 16.93 
Magnesium (Mg) | 10.28] 10.15) 9.74; 9.87 
Sodium (Na) 18.80] 19.18) 21.67) 23.20 
Bicarbonate 

(HCOs;) 32.27) 32.49) 33.02) 38.60 
Chloride (Cl) 16.98, 16.77) 16.39) 11.07 
Sulfate (SOx) 0.75 0.74} 0.59] 0.33 


Jour. 


Analyses of a few altered waters wij 
make this apparent, and to this eng 
the analyses in Table 9 of ocean water 
by Dittmar (2) and of an oil fie 
brine from El Segundo, will serve a¢ 
points of reference. 

It should be noted that the relative 
amounts of acids and bases in ocear 
water are exactly the reverse of fres} 
water; sodium being dominant, an 
calcium lowest. Among the acids, chlo. 
ride is greatest and carbonate at the 
vanishing point. 

In the oil field brine, sulfate ha 


all but disappeared, and chloride ha 
TABLE 12 
Contamination by Oil Field Brine 
RADICALS WELL A WELL B 
Per Cent 
Calcium (Ca) 18.56 28.58 
Magnesium (Mg) 5.98 7.78 
Sodium (Na) 25.46 13.64 
Bicarbonate (HCO;) 36.70 3.34 
Chloride (Cl) 46.66 
Sulfate (SO,) 7.53 0 
Total solids, ppm. 275 2250 


abandoned in 1933, and no later analy- 
ses are available. 
gr’ 


Salt Water Intrusion 


Because man has thoughtlessly over- 
drawn the subterranean reservoirs ad- 
jacent to the ocean until the present 
water table is far below sea-level, ocean 
water has in several areas invaded the 
reservoirs, causing the loss of a num- 
ber of wells. The detection of incipi- 
ent invasion through chemical analysis 
would seem simple: one should have 
only to demonstrate increase in sodium 
and chloride in the ratio in which they 
are present in the ocean. But in a 
region where oil-field brines are likely 
to be present it is not always so easy. 


fallen away behind sodium, the revers: 
of the condition in sea water, wherea 
magnesium is little more than one. 
twentieth the amount in the ocean. 

Next may be considered a well onl 
a few hundred feet distant from th 
oil well of Table 9 and a mile inlan 
from the ocean. Three analyses ar 
presented to indicate  progressiv 
changes, as shown in Table 10. In fou 
years chloride has increased from 1Ii 
to 290 ppm., or 24 times, while sodiur 
has steadily decreased, complicating th 
picture. Base exchange is evident! 
at work, locking sodium from sea wa 
ter and releasing equivalent quantitid 
of calcium and magnesium. Sulfate 
unchanged, but its value is not muc 
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different from that in sea water (4.62 
per cent) and so could not be expected 
to change with so small a quantity of 
invading water. The inference here is 
clearly that of sea water invasion, par- 
tially masked by base exchange. 

The analyses of four wells, less than 
half a mile from the one of Table 10, 
are given in Table 11. These wells, 
by their high carbonates, greatly re- 
duced sulfates and normal chlorides, 
reflect the action of carbonaceous ma- 
terials, such as the peat beds pre- 
viously described. They show no ef- 
fect of sea water or oil field brines. 

The complexity of changing water 
quality along the California coast may 
be illustrated further. The city of 
Newport Beach formerly obtained its 
water from a group of wells adjacent 
to the Santa Ana River, about half a 
mile back from the ocean. The orig- 
inal quality of this water is represented 


by the analysis of Well A, whereas 
Well B, several hundred feet down- 
stream, produced water of the char-— 
acter shown in Table 12. The absence 
of sulfates, accompanied by 0.5 ppm. — 
of iodide expressed as elementary io- 
dine, pointed to oil field brine con- 
tamination. This was later found to | 
be coming from the nearby Hunting- 
ton Beach oil field, where the brines 
were being surreptitiously pumped into — 
an abandoned oil well, from which 
they found their way to the water- 
bearing gravels tapped by Well B. 
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San Francisco, Calif., by Edward Hyatt, State Engr. of California, 
Sacramento, Calif. 


ALIFORNIA’S water development Today the two most important na- 
plans have become a subject of tional agencies concerned with water 
great importance. The increasing uses _ planning and construction in the state 
and needs for water, the developing are the Bureau of Reclamation of the 
shortages, the delays caused by the Dept. of Interior, and the Corps of 
war, and the rapidly growing popula- Engineers of the War Dept. The for- 
tion of the state occasion water prob- mer is principally concerned with irri- 
lems and stimulate water plans by in- gation, the latter primarily with navi- 
dividuals, companies, corporations and gation and flood control. Since the 
all levels of government. There are early days of the nation, the Corps of 
plans without number, involving all Engineers has planned and built navi- 
known uses and controls of water— gation works as part of a national 
uses that include navigation, irrigation, rivers and harbors program; since 1936 
municipalities, industries, hydroelectric it has been at work on a nationwide 
power, mining, recreation and fishing; flood control system. The Bureau of 
controls that include prevention of Reclamation since 1902 has built rec- 
floods, soil erosion, salinity and pollu-  lamation works in the western states. 
tion of ground waters—plans for the Neither of these federal agencies did 
smallest domestic well and the largest much work in California until the last 
multiple-purpose basin development decade, but both are now very active. 
running into billions of dollars in cost; As a state, California has always 
problems of all kinds—technical, finan- been energetic in water project plan- 
cial, legal, governmental, political, local, ning, having been first among the 
state, interstate and national. Never western states—and for that matter 
has there been such interest and con- among all the states—in this respect. 
cern in water matters in California as Until recently, the state was more ac- 
there is today. tive within its borders than any federal 
agency in this field. 
Inheriting in its constitution the 
It will not be possible to mention all common law doctrine of riparian wa- 
the water plans now under considera- ter rights, California also developed at 
tion, but some of the history and pres- an early date the theory of appropria- 
ent status of water planning in Cali- tive water rights and has since had to 
fornia, at both state and national levels, operate under, and make the best of, 
should be mentioned. these opposing legal principles. Some 
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western states later avoided this diffi- 
culty by disclaiming riparian water 
rights in their constitutions. California 
in 1887 originated the irrigation dis- 
trict procedure in the Wright Act 
(later widely copied by other states), 
which as amended is today’s Irrigation 
District Act. This law provided the 
means for community action and financ- 
ing of water works. Most irrigation in 
California today is under district man- 
agement. 

Ground water law and practice orig- 
inated in southern California, which, 
because of the scarcity of water and 
early development of irrigation, has 
been in the lead in irrigation practices. 
The foremost irrigation area, however, 
has been the Central Valley, the larg- 
est area of irrigable land in California. 
Settlement after 1900 caused rapid ex- 
tension of irrigation, both from wells 
and surface water supplies, with the 
result that the dry cycle starting in 
1917 found the southern counties of 
the San Joaquin Valley overdeveloped, 
with more land under irrigation than 
there was water to supply. This led 
Robert Bradford Marshall, formerly 
_ Chief of the U.S. Geological Survey, 
to propose the so-called “Marshall 
Plan” for bringing water from the 
Sacramento River to the San Joaquin 
_ Valley by an elaborate system of ca- 
nals. The interest in the Marshall 
Plan caused state consideration and 
legislative action in 1921, directing the 
preparation of a State Water Plan and 

appropriating funds therefor. The law 
stated, in part, that: 


It shall be the duty of the State Engi- 

neering Dept. to determine a compre- 

hensive plan for the accomplishment of 

- the maximum conservation, control, stor- 

age, diversion and application of all the 
waters of the state. 
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In 1931, as a result of 10 years’ 
work and the expenditure of over a 
million dollars, a report was presented 
to the legislature that gave accurate 
water data for all parts of the state and 
an actual plan for certain parts, par- 
ticularly the Central Valley area. 


State Water Plan Preparation 


The first years after 1921 were de- 
voted to ascertaining the physical facts. 
Over a period of years this information 
was obtained and published in a series 
of reports. They present, for every 
stream or area in the state, the aver- 
age, maximum and minimum water 
supply; full information about floods ; 
the quantities of water now being used 
for all purposes both in amount and 
location; water duties in different 
parts of the state; careful estimates of 
future water needs; and the ultimate 
requirements for all kinds of uses. 

It was found that the state’s average 
annual water crop over a 40-year pe- 
riod had been about 71,000,000 acre- 
ft., to which should be added over 5,- 
000,000 acre-ft. from the Colorado 
River, a source originating largely out- 
side California. Estimating that nearly 
23,000,000 gross acres of land may 
ultimately be irrigated, it was con- 
cluded that there was enough water 
available to California for its future 
needs if it could all be controlled and 
used where and when needed—a con- 
dition far from being realized at that 
time and one that probably never 
will be. 

The North Pacific Basin—the coastal 
drainage area from San Francisco to 
the Oregon line—is an area in which 
water is surplus. As it includes nearly 
38 per cent of the state’s water and 
only 2 per cent of the irrigable land, 
this region produces a great deal more 
water than it can ever need for irriga- 
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tion, although it will need water for 
other purposes, particularly fishing and 
recreation. With this excellent water 
supply, the land could be made into a 
wonderful recreation area, and it no 
doubt will be when the recreation needs 
become greater. 

The Sacramento Valley has a sub- 
stantial surplus over its future needs, 
but the San Joaquin Basin is seriously 
deficient, as is all of the rest of the 
state. The South Pacific Basin—the 
coastal area from Ventura County to 
the Mexican line—with a present pop- 
ulation estimated at 4,600,000—has iess 
than 1.5 per cent of the state’s water 
but has 10 per cent of the irrigable 
lands, in addition to the great domestic, 
municipal and industrial requirements. 
Importation from the Colorado River 
into this area is an important and nec- 
essary addition to the limited supply. 

The engineering investigations, there- 
fore, clearly brought out the principal 
problems in the preparation of a plan 
—there must be regulation so that 
winter water can be held over until 
summer, and the water so regulated 
must be taken from the place of stor- 
age to the place of use. Flood control, 
a necessary prerequisite, would be ob- 
tained at the storage reservoirs, which 
would be useful both for flood control 
and conservation. 

On the basis of these accurate and 
complete data, the engineers set to 
work to overcome the climatic and geo- 
graphical problems and to produce the 
best plan possible under the physical 
limitations that existed. In the Central 
Valley, reservoirs were planned on all 
major streams, 24 in all. Hydroelec- 
tric power plants were included where 
economically expedient. Canals of 
great length and size were laid out, 
as were pumping plants and other nec- 
essary appurtenant works of many 


kinds, all planned to control and regu- 
late the rivers and carry their waters 
to the areas which would need them 
(Fig. 1). 

Most of the Central Valley river 
reservoirs were at the eastern foothills 
of the Sierras, as the Coast Range 
streams from the west are not as pro- 
ductive of water and in general do not 
justify inclusion in the plan. Dams 
and reservoirs were designed for the 
Sacramento River above Redding; for 
the Trinity River in the Klamath drain- 
age; for Stony, Cache and Putah 
Creeks on the west side of the Sacra- 
mento Valley; and 19 locations on the 
east side streams of the Sacramento 
and San Joaquin valleys. The aggre- 
gate storage capacity of these proposed 
reservoirs was about 18,000,000 acre- 
ft.; the capacity of the hydroelectric 
power plants 1,730,000 kw.; and the 
1931 estimated cost, including canals 
and conveyance units, $684,000,000. 

In the south, the plan recommended 
an aqueduct from the Colorado River 
into Southern California, similar to 
that later built by the Metropolitan 
Water Dist. Flood control and con- 
servation works on the Santa Ana 
River were proposed at a cost of ap- 
proximately $16,000,000. 


Central Valley Project 


The incentive for the State Water 
Plan investigations in 1921 was a wa- 
ter shortage in the southern counties 
of the San Joaquin Valley and, to a 
lesser extent, in the Delta of the Sacra- 
mento and San Joaquin Rivers and in 
the Sacramento Valley. The State 
Water Plan report, therefore, pre- 
sented an “immediate plan,” later 
called the Central Valley Project, for 
the solution of water problems in that 
area. Briefly, this plan included the 
creation of a large storage reservoir, 
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on the Sacramento River at the head 
of the valley near Redding, which would 
regulate the flow of the river, provide 
food control, and generate a large 
amount of hydroelectric power. Wa- 
ters released from this reservoir dur- 
ing the summer would flow down the 
Sacramento River, eliminate irrigation 
deficiencies and assure navigation in 
that valley throughout the year, over- 
come the encroachment of salinity in 
the Sacramento-San Joaquin Delta, 
and provide sufficient additional water 
for diversion southward by means of 
pumps into the San Joaquin Valley. 
A main electric transmission line from 
the Sacramento River reservoir to load 
center near Antioch, Contra Costa 
County, was included, as was a rela- 
tively small canal which would begin 
at the Delta, upstream from Antioch, 
and proceed west to Walnut Creek and 
Martinez, providing a water supply for 
industries and irrigated areas which 
were badly in need. A second reser- 
voir was also planned on the San 
Joaquin River at the town of Friant, 
north of Fresno, with large canals 
leading north and south to supply the 
distressed areas whose problems were 
the main reason for the preparation of 
the plan. The cost of the Central 
Valley Project, if built by the state, 
was estimated in 1931 at $170,000,000. 

In 1933 the legislature passed a law 
creating the State Water Project Au- 
thority, directing it to obtain the con- 
struction of the Central Valley Project 
and authorizing the issuance of $170,- 
000,000 in revenue bonds for that pur- 
pose. This law was made subject to 
a referendum, but was enacted at a 
statewide election in December 1933, 
and the authority attempted to finance 
the project through a loan and grant 
from the Federal Public Works Ad- 
ministration, which was then in opera- 


tion. This procedure was not suc- 
cessful, and in 1935 the project was 
approved by the U.S. Bureau of Rec- 
lamation, from which time until the 
present it has been under construction 
by the bureau. 

The work is about half completed, 
and both Shasta and Friant Dams are 
constructed and in partial operation. 
Construction was delayed by the war, 
and no water has yet been delivered 
into Tulare and Kern counties, where 
the water needs are greatest. Since 
the cessation of the war, however, work 
has been resumed; and the Friant- 
Kern Canal, which will take water 
from the Friant Reservoir on the San 
Joaquin River to the Kern River near 
Bakersfield, is under active construc- 
tion. It is earnestly hoped that water 
can be brought into this territory be- 
fore the incidence of another low rain- 
fall cycle. The years since 1937 have 
in general been above normal in water 
supply, and have been termed a wet 
cycle; and because of these wet years 
the valley has not suffered as much as 
it would have otherwise. 

This, then, is the principal planning 
done by the state of California—the 
State Water Plan and certain units 
thereof to meet Central Valley needs, 
entitled the Central Valley Project. 

Recently, much stress has _ been 
placed nationally on integrated plans 
for entire stream basin development 
and regional considerations. As a 
state, however, California considered 
such plans many years ago and pro- 
ceeded to do something about them. 
Having by far the most irrigated land, 
the most hydroelectric power and al- 
most unlimited future possibilities—if 
its water is properly used—California, 
25 years ago, undertook to find out all 
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about its water resources and their 
proper use. The State Water Plan 
was the first effort of its kind, has 
been the basis for all water develop- 
ment investigations and plans since in 
the Central Valley, and is basically as 
sound today as when it was reported 
in 1931. The President’s Water Flow 
Committee, in House Document 395, 
1934, reported that the California 
State Water Plan was: “the most care- 
fully considered and complete plan of 
its kind ever drawn up.” 

As a result of the State Water Plan, 
the Central Valley Project, estimated 
to cost $384,000,000, is now being built 
by the Bureau of Reclamation; and 
recent comprehensive plans of the bu- 
reau and the Corps of Engineers, pro- 
posing further Central Valley water 
works costing billions of dollars, have 
been reported and are on their way to 
Congress. 


Federal Agency Reports 


The next steps in Central Valley 
water planning were the comprehen- 
sive reports of the Bureau of Reclama- 
tion and the Corps of Engineers, both 
of which agencies had been carrying 
on investigations in the valley for sev- 
eral years past, using the engineering 
data presented by the State Water 
Plan. The bureau, about-a year ago, 
submitted a comprehensive Central, 
Valley Report, proposing and recom- 
mending 38 storage reservoirs, 28 hy- 
droelectric power plants, irrigation ca- 
nals, distribution systems, steam elec- 
tric plants, and electric transmission 
lines. The projects are distributed 
over the Sacramento and San Joaquin 
Basin, and the total capital cost, in- 
cluding the completion of the Central 
Valley Project, is estimated to be $1,- 
810,000,000 on prices current several 


years ago and therefore subject to an 
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increase of 50 to 70 per cent to bring 
it into accord with present-day prices 
which would make the estimate nearly 
$3,000,000,000. 

The Corps of Engineers had simul. 
taneously been carrying out investiga. 
tions for flood control and allied pur. 
poses in the Central Valley, ang 
rendered a report about a year agp 
proposing 25 storage reservoirs, § 
hydroelectric power plants, and chan. 
nel and levee improvements. Thes 
projects are estimated to cost $438. 
335,000, subject to the same 50 to 7) 
per cent increases. 

The reports of the bureau and th 
corps overlap to a large extent, 20 ¢ 
the reservoirs being included in both 
Most of the duplicated reservoirs pro 
posed by the two agencies are identi: 
cal in size and location. 


The controversy engendered by th 
desire of the two Federal agencies t 
construct these Central Valley projects 
has in effect prevented either agency 
from going ahead with important wa: 
ter development works, which are 
justified and to which California i 
entitled. Flood control works author. 
ized by Congress are not under cor 
struction, due in part to this inter! 
departmental controversy, and it i 
possible and even probable that the 
will be flood damages on Californi 
streams which could have been avoid 
had the work not been delayed 
prevented by these disputes. Neith 
the corps nor the bureau can procee! 
in the present impasse—a result ¢ 
bad management which should 
straightened out immediately by Co 
gress or by the Executive Dept. 

In the meantime there have been in 
teresting developments along anoth 
line. For many years the weste 
states generally have been dissatisfi 
with the paramount legal right to w 
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ter of navigation above irrigation and ties and jurisdictions. The reports on 


other consumptive uses. Also, there 
has been dissatisfaction with the fact 
that the investigations of the federal 
agencies were often made and pre- 
sented to Congress before the states 
or localities affected knew anything 
about them. Therefore, following 
lengthy representations at Washington, 
the 1944 Flood Control Act and the 
1945 Rivers and Harbors Act carried 
provisions intended to answer both of 
these objections. They provide that 
the use of water for navigation in the 
west shall not conflict with any bene- 
ficial consumptive use, present or fu- 
ture, and also that, in the future, re- 
ports of the Chief of Engineers and 
the Secretary of the Interior for this 
area must, before being sent to Con- 
gress, be submitted to the governor of 
each of the affected states or such of- 
ficial or agency of the state as the 
governor may designate. The state is 
allowed 90 days within which to sub- 
mit its written views and recommenda- 
tions on such a report, after which it 
can be transmitted to Congress, to- 
gether with the views and recommen- 
dations of the state, which must be 
printed as a Congressional document. 
The Congressional committees consid- 
ering reports of these federal agencies 
will therefore have before them the 
views and recommendations of the 
affected states. 

These acts took effect early in 1945. 
Gov. Warren designated Charles H. 
Purcell, Director of Public Works, as 
the state official in charge for these 
purposes, and Mr. Purcell asked for 
reports and recommendations from the 
State Engineer on all such references, 
and also that all other affected state 
agencies be asked to comment. 

It will be seen at once that these 
ined created important new state du- 


Central Valley alone proposed expen- 
ditures running into billions of dollars. 
The recent Bureau of Reclamation Re- 
port on the Colorado River Basin lists — 
projects with similar total cost fig-— 
ures, and although these are mainly _ 
in other states of the Colorado Basin, | 
they are of importance to California — 
as they propose drafts on the Colorado _ 
River, which may affect California 
allotments. 

It will also be seen that to allow 90 
days to review a report resulting from 
investigations covering several years 
and presenting not one project, but 
perhaps fifty, with estimated costs 
totalling hundreds of millions, or bil- | 
lions, of dollars, presents a practical 
impossibility for the governor or his 
representative. The state office, how-_ 
ever, with the advantage of having 
available to it the State Water Plan 
data, as well as most of the personnel — 
active in preparing that plan, was in 
an excellent position to comment on 
the federal Central Valley reports, and 
this was done. A detailed discussion — 
of the comments will not be offered; > 
in both these reports, however, each a 
project presented was carefully re- | 
viewed from both engineering and — 
financial standpoints and conclusions _ 
and recommendations made. Definite 
and important policies which should 
govern water development in California | 
were presented. It was recommended _ 


pedited and carried to completion at 
the earliest possible date, and that cer-— 
tain urgent flood control projects like- a 
wise be rushed. 

There was. difference of opinion ia 
some policies expressed and also on _ 
some engineering points. The state 
reports were carefully prepared, are 


believed to be constructive throughout, c 
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and should lead to faster progress on 
the immediately essential projects pre- 
sented. The reviews of the state on 
these two reports were sent to Wash- 
ington last spring, and it is assumed 
they are now being analyzed by the 
departments concerned and will be sent 
through proper channels to the next 
Congress for consideration. 

The Bureau of Reclamation Colo- 
rado River Report mentioned is under 
study by the state at the present time, 
and many other reports from the bu- 
reau and Corps of Engineers, involv- 
ing irrigation, navigation or flood con- 
trol, have been received and reported 
upon by Director Purcell in accord- 
ance with the established procedure. 


State Water Resources Board 


An important recent state move in 
the field of water planning was the 
enactment in 1945 of a new law, 
- Chapter 1514, creating the State Wa- 
ter Resources Board and authorizing 
state appropriations to assist local 
agencies in the construction of flood 
control projects. The federal law pro- 
vides that the Corps of Engineers may 
construct flood control projects at fed- 
eral expense when the benefits exceed 
; . the estimated costs, but that local agen- 
cies must provide, without cost to the 
United States, all necessary easements 
and rights of way (except for reser- 
projects); must maintain the 
works after completion ; and must save 

the United States harmless for claims 
for damage. The effect of the statute 
is to authorize the appropriation of 

state funds to acquire the necessary 
easements and rights of way. In Chap- 
ter 1514 it was estimated that the local 
costs for flood control projects then 
authorized by Congress would be $30,- 

172,040, and the appropriation by the 

state of this amount was committed. 
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A later state law, Chapter 142, of 1946, 
sets aside $10,000,000 for this purpose, 
and appropriates $210,000 to defray 
local costs on the Big Dry Creek Proj- 
ect near Fresno, and $235,000 to the 
Los Angeles County Flood Contro| 
Dist. for local expenditures on a proj- 
ect on the Los Angeles River. As 
these cost estimates were based on 
prices current several years ago, and 
as additional flood control projects will 
undoubtedly be approved in the future, 
it appears that this $30,172,040 esti- 
mate will by no means be adequate. 
The State Water Resources Board, 
created by Chapter 1514, is given au- 
thority to investigate water problems 
on the request of public agencies. The 
board’s functioning is somewhat lim- 
ited by certain provisions of the statute, 
and the removal of some of the limita- 
tions is under consideration by several 
agencies interested in water planning 
and construction. The board, how- 
ever, is carrying on numerous investi- 
gations and has many requests before 
it which cannot adequately be fulfilled 
because of the lack of personnel. 


Water Conferences 


As noted earlier, at no time have 
there been so many water problems 
needing attention, nor such _ intense 
public concern. After the appoint- 
ment of the Water Resources Board, 
late in 1945, Gov. Warren called a 
state-wide water conference for the 
purpose of getting an expression from 
everyone concerned on all phases of 
the water problem. The meeting was 
held in the Capitol at Sacramento on 
Dec. 6-7, 1945, and was attended by 
over 600 persons. It was divided into 
geographical panels, in each of which 
the problems of the particular section 
were discussed in detail. There were 
also general meetings. Afl sessions 
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were active, a great deal of valuable 
material was presented, and there was 
much spirited debate. The Proceed- 
ings, about 500 pages in length, gives 
an excellent presentation of the water 
yiews of all sections of California. It 
has been printed, and copies may be 
obtained by application to the Gov- 
ernor’s office or to the State Engineer, 
who was secretary of the Conference. 
Recent evidence of the national in- 
terest in water matters is illustrated 
by a meeting in September 1946 at 
New Orleans of the Mississippi Val- 
ley Flood Control Assn. called par- 
ticularly to protest President Tru- 
man’s action in withholding funds for 
food control projects. A recent press 
notice reports that the President has 
since released part of the funds so im- 
pounded. Subsequently, a meeting of 
the National Reclamation Assn., at 
Omaha, was attended by more than a 
thousand representatives from the 
western states. At this convention, 
Reclamation Bureau programs and pol- 
icies were presented and discussed. | 
Conflicts of Policy 
The Bureau of Reclamation has pro- 
posed that interest now paid on the 
commercial power features of a rec- 
lamation project be credited to project 
irrigation costs rather than to the 
United States; that non-reimbursable 
allocations be made for fishing, recrea- 
tion and other items; and that esti- 
mated costs over estimated repay- 
ments and returns of a given project 
be written off as non-reimbursable. 
An excellent defense of the needs of 
irrigation development was given by 
John W. Haw, a noted reclamationist 
from the northwest states, at the Spo- 
kane meeting of the American Society 
of Civil Engineers last July. Mr. Haw 
stated that in 1930 there were 2.97 
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crop-acres per capita harvested na- 
tionally, but that in 1945, due to the 
increase in population and the decrease 
in harvested crop acres, the amount 
was 2.51 crop-acres per capita, or 0.46 
less than that of 15 years ago; that 
this is a matter of serious moment; 
and that such good lands as remain to 
be irrigated should be reclaimed as 
rapidly as funds can be made available 
and engineering studies progress. In 
the Pacific slope states, the condition — 
is more apparent, as there are now 
available for crop production only 1.1 
acres per capita as compared to 2.8 
acres 24 years ago. Mr. Haw points 
out that there are, however, differences 
in over-all policies which are unset- 
tling, and that “some of these ques- 
tions are rooted deeply in conflicting 
ideologies, some are political booby 
traps; others represent a clash between — 
theory and practice.” He mentions 
the following : 


First: the question arises 
whether . . . achievement of future maxi- 
mum production from irrigated land has 
‘not in recent years been partially sub- 


-ordinated to production of power... . 


Second: In the interest of harmony the 
current debate should soon be resolved 
as to whether the interest payment to the — 
government on the cost of the commercial 
power features of a project can be 
credited to payment of that portion of 
the irrigation construction costs beyond 
the ability of water users to repay... . 
Unfortunately the Dept. of the Interior 
and the National Reclamation Assn. are 
on opposite sides of this argument... . 

Third: The present rigidity of the ex- 
cess land provision of the Reclamation 
Act is open to serious question. ... 

Fourth: Western people as a whole are 
unwilling to have their valleys cast in the 
mold of the T.V.A.... 


This last, of course, is the Authority 
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Fifth: .. . Grave apprehension is being 

manifest in whether repayment formulas 
of the past can be preserved with vast, 
expensive works constructed with watered- 
down dollars and paid for with dehy- 
drated dollars received in the future from 
sales of products—either farm or power 
products. 


All these questions and others have 
arisen in California in either the Cen- 
tral Valley or the Colorado River de- 
velopment. The Bureau of Reclama- 

tion is apparently insisting on a strict 

application to California projects of 
the excess land laws, which are un- 
- workable on supplemental and ground 
water projects such as the Central 
- Valley; on perpetual operation and 
-management by the bureau; on water 
contracts which seem to be rental 
agreements rather than actual repay- 
_ ment contracts ; on management by the 
- bureau of projects primarily useful for 
flood control and authorized by the 
. 

Congress for construction by the Corps 
of Engineers; on retaining control of 
a completed project which should be 
turned over to the local agency; and 
on other policies, many of them against 
_ the wishes of the water users who are 
expected to pay the bills. 

A definite intent to retain control in 
the national agency rather than to turn 
the projects over for local manage- 
ment after construction, is indicated. 
The contrary principle of responsible 
local control and management is 
strongly advocated in many quarters 
at the state and local district levels, 
with the assertion that this should be 
encouraged and put into effect wher- 
ever possible, because of its obvious 
advantages. The author is convinced 
of the superiority of a large measure 
of local management, and does not 
agree that financing of construction by 
a national agency entitles it to con- 
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tinuing and full control thereafter. 
Assistance in financing and in cop. 
struction by the national agencies js 
needed in California, is justified by 
national standards, and should be fyr- 
nished—not as a favor, with a quid 
pro quo attached, but as a matter of 
proper functioning of the department 
involved and a performance of its duty 
to the nation and the locality. : 


Colorado River Compact 


A few words should be devoted to 
the pressing Southern California Colo- 
rado River situation. California first 
used Colorado River waters in the Palo 
Verde Valley prior to 1900, and soon 
thereafter in the Imperial Valley; and 
large appropriative rights were built 
up in these areas. About 1920 the 
city of Los Angeles found that it would 
have to go to this river for water for 
its normal growth. The Metropolitan 
Water Dist. of Southern California 
was created by legislation for this pur- 
pose, and in 1940 its conduit was com- 
pleted and water brought from the 
river to the Coastal Plain. 

Under the provisions of the Colo- 
rado River Compact, the Boulder Can- 
yon Project Act, and the California 
Limitation Act, California is entitled 
to 4,400,000 acre-ft. annually of firm 
lower basin water, and an additional 
amount from surplus. In 1931. the 
California claimants to Colorado River 
water met and agreed on priorities in 
the division of the amount of water 
available to California, and the six 
agencies concerned entered into con- 
tracts with the Secretary of Interior 
for water in the amounts so agreed 
upon. Under this agreement the Met- 
ropolitan Water Dist. and the city of 
Los Angeles jointly obtained an allo- 
cation of 1,100,000 acre-ft., of which 
550,000 acre-ft. are within the 4,400,- 
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000 acre-ft. of firm water and the re- 
maining 550,000 acre-ft. are from sur- 
plus. San Diego’s allocation of 112,- 
00 acre-ft. is also from surplus. The 
Chucawalla Valley, lying between the 
river and the Coachella Valley, re- 
ceived no specific allocation at all, al- 
though it is reported to contain over 
100,000 acres of good agricultural 
land. Since 1931 the California in- 
terests have relied on this allocation 
and the supporting contracts with the 
Secretary of Interior, and have made 
the following investments on that basis : 


1. The four irrigation concerns, Palo 
Verde Irrigation Dist., Yuma Reclama- 
tion Project in California, Imperial Ir- 
rigation Dist., Coachella Valley County 
Water Dist., having water allotments 
totalling 4,150,000 acre-ft. annually, have 
investments and obligations of $78,000, 
000. 

2. The Metropolitan Water Dist., with 
allotments of 1,100,000 acre-ft. has in- 
vested $274,000,000. 

3. San Diego City and the county of 
San Diego, with an allotment of 112,000 
acre-{t., have investments and obligations 
of $16,000,000. 

4. Power contractors in Southern Cali- 
fornia, with no water allotments, have 
investments and obligations of $181,000, 
000. 

Total water allotments: 5,362,000 acre- 
ft. 

Total investments and_ obligations: 
$549,000,000. 


Conflicting Water Demands 


Relying on the water supply of the 
Colorado River, the compact, laws, 
allotments, and contracts, California 
interests have invested these large 
sums. Their security is now threat- 
ened by three new developments: (1) 
the dry cycle from 1931 to 1940 has 
substantially reduced the average flow 
of the river; (2) the recent Mexican 
treaty, awarding 1,500,000 acre-ft. of 


water to Mexico, has made a greater 
demand on the river than was antici- 
pated; and (3) the claims of Arizona 
are greater than previously estimated. 
The result is a water budget showing 
a total supply available to the lower 
basin, after deducting reservoir losses, 
of 8,300,000 acre-ft. annually, and de- 
mands of 10,100,000 acre-ft., or a defi- 
cit of 1,800,000 acre-ft. 

Deducting the demands for Nevada, 
Utah, New Mexico and Mexico of 
1,900,000 acre-ft. from the total avail- 
able supply of 8,300,000 acre-ft. leaves 
a remainder for Arizona and Cali- 
fornia of 6,400,000 acre-ft. If the 
California contracts are fully satisfied, 
there would remain for Arizona only 
1,000,000 acre-ft.; whereas, if Arizona 
gets the 2,800,000 acre-ft. she wants, 
California would have only 3,600,000 
acre-ft., which is less than the historic 
use, and less than the compact limita- 
tions. Of the allocation of 1,100,000 
acre-ft. to the Metropolitan Water 
Dist., 550,000 acre-ft. is beyond the 
firm water 4,400,000 acre-ft., as is San 
Diego’s 112,000 acre-ft., and a further 
allotment of 300,000 acre-ft. to irri- 
gation interests. Any reduction in the 
California contractual amount of 5,- 
362,000 acre-ft. greater than the 300,- 
000 acre-ft. priority will fall on the 
Metropolitan Water Dist. and San 
Diego. 

It is true that the district has so far 
used very little Colorado River water 
—48,000 acre-ft. in 1945-46. The 
present Los Angeles City water supply 
from Mono and Owens Valleys will be 
used up in about five years at the pres- 
ent growth estimate, and thereafter 
increases must be furnished by the dis- 
trict, which estimates that its conduit 
will be used to full capacity by 1980. 

The area which may have to depend 
for its future growth on Colorado 
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River water is roughly that west of 
_ the mountains and between the Ven- 
-tura County line and the Mexican 
boundary. The district predicts a 
population for metropolitan Los An- 
geles alone of 7,000,000 in 1980, which 
is conservative compared to other esti- 
mates. 

San Diego County has a population 
of 552,000 at the present time, mostly 
_ within the city. It is overdrawing its 
safe yield of its local water supplies 
80 per cent, and in a dry year will be 
short of water in thirteen months; 
therefore, there is being constructed 
with the greatest haste, as an emer- 
gency project, a pipeline 70 miles long, 
from the Metropolitan Water Dist. 
aqueduct near San Jacinto, to bring 


56,000 acre-ft. nee year of Colorado 


_ River water into San Diego. Although 


San Diego has a separate allocation of 


112,000 acre-ft. from the Colorado 
_ River, this is in the last priority. If 
_ this priority were not available, San 
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Diego might take water under the 
Metropolitan District’s priority, as jt 
is a part of that district, but the dis. 
trict’s priority for its last 550,000 
acre-ft. is itself low in the scale. The 
district’s main conduit is built for fylj 
capacity much of the way and for half- 
capacity the remainder ; its investment 
being based on full capacity. 

There is a controversy with Arizona 
at the present time over water. The 
Bureau of Reclamation has just filed 
its Comprehensive Report on the Colo- 
rado River Basin, listing projects the 
total cost of which is estimated at 
over $2,000,000,000. There is not 
sufficient water for all these projects, 
This discussion will not be carried 
further, as it is intended only to point 
out the problem that confronts Los 
Angeles and Southern California in the 
Colorado River, which is, therefore, 
one of state-wide importance and in 
which the whole state must interest 
itself. 
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Water and Watershed Management 
Research in the Southeast 


A contribution to the Journal by Joseph A. Lieberman, Civ. Engr., oe 
Division of Water Resource Management, Southeastern Forest Ex- . 
periment Station, U.S. Forest Service, Asheville, N.C. Aha 


VER-INCREASING demands for 
water, the effects of pollution on 
available supplies, and increasing tend- 
encies toward multiple use of water 
source areas have created problems of 
vital concern to many water works 
men. These problems, which involve 
the relations between land and water 
resources, have been recognized for 
over 50 years, but concentrated effort 
to obtain solutions to them has been 
put forth only in the past decade. In 
the Association, Water Works Practice 
Committee 3 on Watershed Protection 
and Maintenance was organized in 
1945, and recent reports and articles 
attest to its activities (1-5). 
As pointed out in these articles, 
many of the more perplexing questions 


are occasioned by the multiple use of 
watersheds the primary function of 
which is to serve as a source of water 
supply. The use of watersheds for 
timber production, agriculture or rec- 
reation, in addition to water supply, is 
hampered by a lack of knowledge and 
quantitative information concerning the 
relations between land and water re- 
sources. It is also indicated that re- 
search is one of the best methods for 
obtaining the quantitative information 
and the better understanding and 
knowledge of the basic hydrologic fac- 
tors involved in use. 


By Joseph A. Lieberman 


During the war the value and neces- 
sity of scientific experimentation was 
more generally and spectacularly real- 
ized than ever before, and, as a direct 
result, research activities in all fields, 
including utilization and conservation 
of natural resources, have now been 
given considerable impetus. 

It should be noted that in the fields 
of natural resources utilization and 
conservation, the need and value of 
research is accentuated by a very im- 
portant consideration: it is becoming 
increasingly difficult—particularly with 
water and land—to develop new sources 
for utilization. No longer is it com- 
pletely a question of “striking new 
veins to mine”; there is now super- 
imposed the problem of maintaining 
and improving yield and quality of 
existing sources. 

An example of the kind of practical 
problem which involves engineers, for- 
esters and administrators is found on 
the Cedar River Watershed, the water 
supply source for the city of Seattle, 
Wash. Here controversy had arisen 
concerning the advisability of logging 
on the watershed. Many technical, 
administrative and legal details were 
involved, and the watershed commis- 
sion appointed by the municipal au- 
thorities discussed them in detail in its 
(6). the conclusions 
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and Gicasectitiiiais reached by the 
commission are the following: 

1. Logging practices on the water- 
shed in the past have had no important 
or discernible effect upon precipita- 
tion, runoff and quality of water. 

2. Logging practices in the past have 
not produced appreciable erosion of 
the watershed. 

3. Controlled watershed use rather 
than the maintenance of full virgin 
_ forest canopy has advantageous values 
aes for water supply development. 

4, A program of sustained yield 
_ logging is recommended for future use 
the watershed. 

5. Neither water supply protection 
nor timber growth requires or would 
be improved by insistence upon a 
closed watershed, with its concomi- 
- tant, a virgin forest evolution. 
6. Protection of both quantity and 
quality of the Cedar River water sup- 
_ ply, simultaneously with the conser- 
- vation and use of a timber resource, is 
recommended. Such a joint policy 
and program involves no inconsisten- 
cies in theory or in practice. 

In the body of the report the com- 
- mission notes : “For over a half century 
be lay and professional groups have ar- 
_ gued with more heat than light about 
the effect of forest cover and forest 
_ practices upon precipitation. and run- 
: off. Even at this late date authorita- 
tive quantitative data which shed light 
upon these important effects are ex- 
ceedingly meager.” 

_ The three sources of information 
then quoted are the Wagon Wheel 
Gap experiments of some 18 years ago 

(7) and the current investigations of 

the Rocky Mountain and Southeastern 

Experiment Stations of the U.S. For- 

est Service. 

The same lack of quantitative data 

and knowledge which was noted by 

the Cedar River Commission and the 


kind of investigations required to over. the 


come that lack have been outlined in q dre 
comprehensive statement titled “De. - 
she 


ficiencies in Hydrologic Research” 
which was published in 1940 by the} $4 
National Resources Planning Board 
(8). In that publication 53 separate 
research project proposals are listed 
within six main groups. Five of the 
six groups are the basic phases of the 
hydrologic cycle: precipitation and in- 
terception; infiltration; evaporation, | 
transpiration and consumptive use by 
vegetation; ground water and percola- 
tion; and runoff and stream flow. The 
sixth group, which is of particular im- 
portance in municipal and industrial 
water supplies, is quality of waters, j 
Although considerable progress has 
been made since 1940, many scientific 
observations and analyses are still re- 
quired for solving the problems of bet- 
ter utilization of water and land re- 


sources 
Research in the Southeast F 
As the U.S. Forest Service is 
charged with the administration of 
many headwater areas which are the 
source of municipal and industrial wa- 
ter supplies, it is vitally concerned in 
the kind of management of these areas 
that will insure maximum water values 
and derive other watershed values com- 
patible with the production of usable 
water. Thus, even before the report 
on deficiencies in hydrologic research 
was published, many of the investiga- 
tions proposed were already under way 
at the service’s Southeastern Forest 
Experiment Station. Now research in 
water resource and watershed man-§ 
agement is being intensified at thish ; 
station. The intensification is based) 4, 
on ten years of operation and calibra- quire 
tion of many watersheds. faoes 
The station’s Work Center for wa-} 4+. 
ter resource management research is 
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the Coweeta Experimental Forest, a 
drainage area of some 4,000 acres in 
western North Carolina. This water- 


shed is comprised of 28 independent 
gaged drainage areas, as shown in Fig. 
1. Of these 28 individual areas, 16 
are or will be used experimentally, 
while the remaining 12 are being held 


Fre. 1. 


as experimental controls or for possi- 
ble future use. The broken line shows 
the Dryman Fork area recently ac- 
quired for studies of multiple use on 
forested watersheds. In addition, there 
- 8 inter-drainage-basin areas on 


a 


WATERSHED RESEARCH 


which special types of investigations — 
may be carried out. 


Coweeta Experimental Forest 


The Experimental Forest is situated _ 
in the Nantahala Range of the south-— 
ern Appalachian Mountains, which is 
the area of maximum precipitation in 


Watersheds in Coweeta Experimental Forest From 12,000 ft. 


the eastern United States. As such, 

this area is also the major water source © 
area in the Southeast. The annual | 
precipitation on the experimental for-— 
est ranges between 65 and 90 in. per | 4 
year, depending on the elevation, which ~ 
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- varies between 2,200 and 5,200 feet 
_above mean sea level. The precipita- 
tion, of which only about 2 per cent is 
in the form of snow, is uniformly dis- 
tributed throughout the year. The 
mean annual temperature is approxi- 
-mately 55°F. For the growing season, 
which is from April 15 to October 15, 
the average temperature is 65°F. 
Natural vegetation on the experi- 
mental area is composed almost en- 
tirely of deciduous trees. There is 
also an abundance of shrubs, princi- 
pally rhododendron and laurel, in the 
_minor vegetation. With the favorable 
climatic conditions, plant growth is 
rapid and is practically never checked 
by summer droughts. In fact, in a 
-moisture-climate analysis it has been 
_ shown (9) that, at Brevard, N.C., 


12-ft. Cippoletti Weir 


and Recording Gage H 


which is in the same general physio- 
graphic area as the Experimental For- 
est, there is at no time during the year 
a moisture deficiency or an over-utili- 
zation of soil moisture. 

Carolina gneiss, a rock of pre-Cam- 
brian origin, is the underlying geo- 
logic formation of the area. The most 
common rocks are mica gneisses and 
mica schists, which weather rapidly 
and form a clay soil containing frag- 
ments of schists, quartz and mica. The 
soils are deep, averaging more than 4 
ft. from the surface to the soft disin- 
tegrated rock which underlies them. 


Basic Hydrologic Data 


The collection of experimental data 
on the area is facilitated by the mete- 
orologic and hydrologic characteristics 


Jour. AW W4 


446 JOSEPH A. LIEBERMAN 

ay 

Ir 

dis 
zatio 
adeq 
of th 
At 
meas 
logic 
stanc 
ae 
2 an 
gages 
4, 
recor 
at 8-f 
at 2-f 
6. 
Bure: 


May 1947 


of its location. Approximately 50 dis- 
tinct storms of intensities up to 4 in. 
per hour are well distributed through- 
out the year. Water tables are from 
4to 20 ft. below the ground surface; 
they are readily accessible, and varia- 
tions in their elevations are easily 
measured. The deep soils have high 
infiltration capacities, and the streams 
always have flows that can be accu- 
rately measured with standard weirs. 
Because of all these factors and par- 
ticularly because of the rainfall char- 
acteristics, the accumulation of the 
hydrologic data is facilitated, and re- 
sults are obtained more rapidly than 
in other parts of the country. 

In the direct measurement of hy- 
drologic phenomena, instrumentation 
is of primary importance. Deficien- 
cies in hydrologic research stem from 
deficiencies in hydrologic data. The 
first step in securing the necessary 
information for water resource utili- 
zation planning is to be assured that 
adequate and accurate measurements 
of the basic hydrologic factors involved 
are obtained.’ The research program 
at Coweeta provides the assurance. 
At present the following continuous 
measurements of the various hydro- 
logic phenomena are being made: 


1. Rainfall: 13 recording gages, 63 
standard (non-recording) gages 

2. Runoff: 29 recording stream gages 
(two types of controls shown in Fig. 
2 and 3) 

3. Ground Water: 21 recording well 
gages, 19 non-recording wells 

4. Temperature and Humidity: 5 
recording hygrothermographs 

5. Wind: 1 recording anemometer 
at 8-ft. height, 1 recording anemometer 
at 2-ft. height 

6. Evaporation: 1 U.S. Weather 


Bureau Standard evaporation pan. 


WATERSHED RESEARCH 


In addition to the above, other types 
of measurements are taken on a 
weekly, daily or storm basis. These 
include water samples at selected sta- 
tions for quality determinations, soil 
samples for moisture and structure — 
analysis, and soil and water tempera- _ 
tures. Figure 4 shows a structure used _ 
for silt and sediment collection on _ 
Coweeta Watershed No. 3. a 


Research Procedures 


The records of measurements of 
precipitation, runoff, ground water lev- | 
els, temperature, wind and evaporation | 
then serve as a basis for research and | 
analysis of specific water resource — 
problems. Although many or all of © 
the studies concerned with these prob- 
lems are applicable to municipal and 
industrial watershed management, it 
is convenient to group them into three 
separate categories. 

The first category of studies con- 
cerns the utilization of water by trees. 
Controversy continues to exist con- 
cerning the qualitative and quantita-— 
tive effect of forests on stream flow. — 
At Coweeta, by actually manipulating 
the forest cover (and even removing 
it completely ), the effects are measured 
directly. 

The second category involves land 
use effects. Here again, by actually 
carrying on mountain agriculture, 
woodland grazing and burning on a 
watershed, the effects on the water _ 
cycle can be observed and measured. 

Another group has to do with up- 
stream engineering control. In this 
case it is planned to construct channel __ 
cascades, ponding basins, and other _ 
minor engineering structures on an _ 
experimental watershed. Then by col- 
lection and analysis of the data already 
mentioned, the effects on stream flow 
factors may be determined. 
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Experimental Controls 


It was recognized in the early stages 
of development of Coweeta that sev- 
eral research control procedures could 
be used : 

1. A study may be made of paired 
or replicate drainage areas that are 
selected as being similar for physical 
characteristics and cover conditions. 
One untreated area then serves as a 


control or standard of comparison for 
another that is treated. 

2. An experiment may be carried 
out on a single area which has pre- 
viously been standardized or calibrated 
fora definite period. Before-and-after 
comparisons are then made, and thus 
the area serves as its own control. 

3. A study may be made using a 
combination of 1 and 2. Each of the 
treated areas is handled as an inde- 
pendent investigation, but a number of 
the areas are used as controls. 


WATERSHED RESEARCH 


. 5. Appearance of Cleared Area After Sprouting 


Both procedures 2 and 3 are used 
at Coweeta, depending on the problem 
at hand. Each of the drainage areas — 
is used for as many experimental as- _ 
signments as are feasible. All the | 
watersheds on the experimental forest — 
have been standardized or calibrated 
with data from at least four years of 
record. The greatest advantage of 
the standardization procedure is that 
it eliminates any physiographic differ- 


ences that exist between paired or 


replicate watersheds. ool & 


Existing Research Projects 


Thus far seven treatments on seven 
different watersheds are being studied. 
In the study of water utilization by 
trees, the following investigations have 
been undertaken : 

1. To determine the effects of per- 
manent cutting of all major vegeta- 
tion. All major vegetation on an in- 
dependent watershed was cut in the 
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spring of 1941 after a 5- year stand- 
ardization period. Natural regrowth 
is being cut annually. Vegetation is 
— left lying where it is felled (Fig. 5). 
2. To determine the effects of tem- 
porary cutting of all major vegetation. 

_ All major vegetation on a drainage 
area was cut in the winter of 1939- 

_ 1940, after a standardization period of 
4 years. Cut vegetation was left lying 

where it fell. Natural regrowth is 
now being allowed to take place. 

3. To determine the effects of cut- 
ting of stream-bank vegetation. 
major vegetation in the stream-bank 
area up to an elevation of 15 ft. above 
the stream was cut after a 7-year cali- 

bration period. The area cut was 12 
_ per cent of the total watershed area. 

All vegetation was left lying where 

felled. Regrowth is now taking place. 

Three individual drainage area ex- 

_ periments are being carried on in con- 
nection with the study of the hydro- 
logic effects of land use. They are: 
1. To determine the effects of moun- 

tain agriculture. A watershed was 
cleared in 1940 after a standardization 
period of 6 years. The area has been 
used for corn cultivation and pasture 

since then. 

a 2. To determine the effects of wood- 
land grazing. After a 6-year calibra- 
tion period, a forested watershed was 
tence and is now being used as a 

woodland pasture. 

3. To determine the effects of forest 
fires. In 1942, after an 8-year period 
of standardization, a drainage area 
was severely burned. Following the 

fire, natural regrowth is occurring. 

Another experiment, which may be 
classified as a land use effect investi- 

_ gation, but which has other implica- 
- tions, is to determine the effect of 
existing logging practices. After an 
8-year standardization period, an area 
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was opened to a logging contractor, 
The logging was begun in 1942 and ig 


still continuin 


i 
Research Findings 


The seven watershed experiments 
are yielding specific results. On the 
watersheds where all the major vege- 
tation was removed, it has been found 
that transpiration by the vegetation 
accounted for 17—22 area-in. of water 
annually. In other words, after the 
vegetation was cut the annual volume 
of stream flow from the watershed was 
from 17 to 22 area-in. more than it 
would have been had the vegetation 
not been disturbed. This amounts to 
an increase in stream flow of about 60 
per cent. Where vegetation regrowth 
was allowed to take place, this effect 
was reduced, but for the three years 
following cutting the total increase in 
yield amounted to 30 area-in. In the 
study of removal of stream-bank vege- 
tation, a 15 to 20 per cent increase in 
summer base flows was noted. This 
increase was believed due to the elim- 
ination of direct draft by the vegeta- 
tion on the ground water aquifer im- 
mediately adjacent to the stream. 

An important feature of the cutting 
experiments was the role of soil mois- 
ture in the hydrologic cycle. In all 
three treatments, the vegetation cut 
was left lying where it fell, and the 
soil surface was disturbed as little as 
possible. The original infiltration and 
water storage characteristics of a for- 
est soil were maintained. 

In the mountain agriculture experi- 
ment, no significant effects were noted 
for the first two years of agricultural 
use. After this period, there were 
marked increases in storm runoff dis- 
charges and ‘in soil movement. This 
was attributed to the fact that for the 
first two years there was no significant 
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change in the soil structure, but that 
gil structure deterioration reached a 
critical stage following this period. 
Infiltration then decreased, with a con- 
sequent increase in surface runoff and 
erosion. 

Cattle trampling in the course of 
grazing on the wooded area has thus 
far decreased the porosity of the sur- 
jace soil horizon by 10 per cent. As 
yet, no other conspicuous changes in 
the hydrologic characteristics of the 
watershed have been observed. 

On the wooded area that was burned, 
asingle severe fire caused no detectable 
effect on the rainfall-runoff relation- 
ships. It is important to note, how- 
ever, the deep, moist soil conditions 
under which the experiment was car- 
ried out. These conditions contributed 
to the fact that, although the burn was 
fairly severe, it did not appear to de- 
stroy the biologic and physical factors 
that maintain structure and the con- 
comitant favorable hydrologic charac- 
teristics of the soil. In addition, the 
rapid regrowth of vegetation helped to 
offset any destructive effect that the 
fire might have had on the original 
soil characteristics. As a result, there 
were no significant increases in storm 
surface runoff or soil erosion and 
novement. The experiment did indi- 
ate that repeated burnings would de- 
troy the biologic and physical factors 
nentioned, thus leading to a break- 
lown in soil structure and deteriora- 
ion of favorable hydrologic properties 
f the soil. 

As yet it is not known what the 
fects of the logging operation are 
m the amount and distribution of 
treaamflow, but increased turbidity in 
he stream plainly indicates the effects 
f erosion and soil movement. Im- 
roper design, location, and construc- 
ion of access roads and skid trails 
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apparently account for the major por- 
tion of the soil disturbance. Some of 
the deficiencies contributing to ero- 
sion and deterioration of water quality 
are infrequency of water turn-outs and 
their abuse even when installed, the 
skidding of logs down natural drain- 
age channels and the alignment of 
access roads in such a way that the 
exposed soil from side hill cuts lies 
immediately adjacent to the running 
stream. Figure 6 shows a portion of 
the logging access road constructed 
by the logging contractor on the ex- 
perimental watershed at Coweeta. No 
design or construction specifications 
were written, and the type of construc- 
tion represents typical local practice. 

In addition to the direct experimen- 
tal results obtained, there has been 
much knowledge gained in basic hy- 
drology. The importance of rainfall 
intensity and distribution has been bet- 
ter understood. The nature and 
amount of interception are better 
known. It was found that intercep- 
tion of precipitation by any particular 
type of forest depended mostly on the 
amount of precipitation. For exam- 
ple, for all amounts of individual 
storms, young growth pine intercepted 
an average of 28 per cent of the pre- 
cipitation in the summer and slightly 
more than that in the winter. 

Much has been learned about the 
basic elements of stream flow hydro- 
graphs. By the use of continuous 
well-level measurements in conjunction 
with the stream flow records, the im- 
portance and characteristics of sub- 
surface flow and channel storage have 
been more adequately demonstrated. 
More knowledge is being gained, 
through the use of well records, of the 
character and behavior of ground wa- 
ter flow and storage. The same holds 
true for the role of soil moisture. 
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» 
There is increasing evidence that points 
up the importance of water storage and 
retention in the soil mass ; consequently, 
further studies in soil and water rela- 
tionships are in prospect. 

Further results of the studies are 
given in a selected list of research pa- 
pers of the Division of Water Resource 
Management, Southeastern Forest Ex- 
periment Station, that are pertinent to 
water resources and watershed man- 


agement (10-22). 
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Future Research Plans 


In any type of research, new vistas 
are continually presenting themselves ; 
water resource research is no excep- 
tion. The seven experiments described 
are being continued, and through them 
certain fruitful lines of basic research 
have been recognized. One of the 
most important, as previously indi- 
cated, is the investigation of soils. 
_ Soil hydrology holds the key to many 
problems in stream flow regulation, 
ground water replenishment, growth 


6. Logging Access Road: 


Jour. AW Wat May 


and survival of vegetation, and gojf the | 
rehabilitation and erosion control. Sojjf wate 
movement and high peak runoff, with} In 
subsequent loss of accretion to groundp bein 
water sources and decrease in basef this 
flow, are generally associated witht hydr 
soils of poor hydrologic characteristies§ ural 
On the other hand, proper watershe¢ 

management must be based on obtain.§ Mun 


ing and maintaining, where possible} tio 
soils with high infiltration capacity 

and good water-holding and storag éndit 

flood 

velop 

contr 

water 

tance 

initiat 

a wal 

which 

or ir 

qualit 

quant 

scribe 

by th 

water: 

ity of 

howev 

ing W 

= questi 

In t 

a Major Source of Turbidity 28 

capacity. Thus an expanded stud > oem 

and measurement of soils structure, sof the qu 

movement, storage of soil water anp “4S 

soil biology is indicated. 

Besides the basic researches, othe 4 

investigations are planned. Among 

these are studies in stream hydraulicy peobles 

including flood wave passage and sy pv . 

chronization within a drainage system _ 

Many phases of ground water behavie 

will require more investigation. Quart 

titative aspects of storage and di a, 

charge in ground water aquifers, th protect: 


hydraulics of ground water flow, anf 


: 


May 1947 


the methods and feasibility of ground 
water replenishment are among these. 

Independent natural watersheds are 
being used as bases for study in all 
this research. As a result, all of the 
hydrologic phenomena play their nat- 
yral role, and artificiality is eliminated. 


in.) Municipal and Industrial Applica- 
tions 


The application of these research 
findings is of utmost importance in 
food control, hydroelectric power de- 
velopment, soil erosion and siltation 
control, and municipal and industrial 
watershed management. The impor- 
tance of this latter field has led to the 
initiation of a water quality study. On 
a watershed, the primary purpose of 
which is to supply water for domestic 
or industrial use, considerations of 
quality are at least as important as 
quantity. As has already been de- 
scribed, water yields may be increased 
by the cutting of vegetation on the 
watershed. If by doing this the qual- 
ity of the watér is adversely affected, 
however, the practicability of increas- 
ing water yields in that manner is 
questionable. 

In the Coweeta experiments it was 
pointed out that there was minimum 
soil disturbance because the felled veg- 
etation was not moved. As a result 
the quality of water flowing from these 
areas was little affected. In contrast, 
on the drainage area where logging 
operations are in progress, turbidity 
has increased 15 to 20 times. The 
problem of multiple use of primary 
water source areas is then immediately 
evident. 

On a number of municipal water- 
sheds today valuable stands of mer- 
chantable timber are growing. They 
are in existence because of the type of 
protection and control the watersheds 
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resources are used. 
> 


have had in past years, but now the 
possibility and feasibility of realizing 
some economic return from the timber 
resource is being considered. If for- 
est products can be harvested without 
seriously detracting from water qual- 
ity or necessitating additional water 
treatment of prohibitive cost, then the 
multiple use is practicable. Many of 
the answers are being obtained from 
the experimental area now being logged 
at Coweeta. Also, many problems, 
particularly those involving logging 
methods and timber transportation 
within the watershed, have yet to be 
solved. Observations so far have in- 
dicated that with proper logging meth- 
ods and well designed skid trails and 
access roads, this type of multiple use 
is feasible. 

Other multiple use. problems, such 
as the conservation of fish and wild 
life and the development and improve- 
ment of recreational facilities, in which 
water quality plays a major part, 
may be of equal importance. The pos- 
sibility of carrying out investigations 
on fish life simultaneously with riparian 
cutting studies is being planned. This 
involves the measurement of stream 
temperatures, fish food production, fish 
populations and other factors affected 
by cutting riparian vegetation. 


Conclusion 


Management implies efficient use; 
research in management, in turn, im- 
plies a quest for increased efficiency. 
Research in water resources and wa- 
tershed management is a new field, but 
it has already resulted in valuable ad- 
ditions to technical knowledge. Many 
problems in land and water utilization 
have yet to be solved, and future re- 
search should bring great gains in the 
efficiency with which these natural 
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A paper presented on Nov. 15, 1946, 


Richmond, Va., by George W. 
servation Com., Charlottesville, Va. 
NE of the basic concerns of those 
using ground water supplies is that 
the watershed absorb the maximum 
possible quantity of the annual pre- 
cipitation, retain it, and later produce 
it in a reasonably regular and uniform 
fow of clear, uncontaminated water. 
The type of vegetative cover on the 
watershed significantly affects the 
quality and quantity of water supply. 
In Virginia, the State Forest Service 
is vitally interested in the type of 
watershed cover which it is believed 
will provide maximum absorption, re- 
tention and regularity of stream flow. 


Watershed Cover and Runoff 


For the purpose of this discussion 
the watershed vegetative cover may be 
divided into three general groups: 


1. Tilled land, 
or pasture. 

2. Land forested in some degree. 

3. Open, abandoned, idle or eroded 
land. 


Although all foresters and water men 
are deeply interested in the cultivated 
and pasture land of the watershed, it 
is the forested and the open, abandoned 
land that is of primary concern. 

watershed completely covered 
with an undisturbed forest is believed 
to be the most desirable type of cover. 
Under such the 


either in cultivation 
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Dean, State Forester, Virginia Con- 
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is covered with a deep layer of spongy 
leaves, branches and other absorptive 
vegetative matter. The mineral soil 
is thickly interlaced with tree and plant 
roots—new, old and decayed—all of 
which are or will be channels for water | 
infiltration. The soil contains count- 
less millions of worms, larvae, bacteria 
and other forms of organic life. All 
this biologic activity keeps the soil 
porous and gives it a crumbly struc- 
ture, ideal for absorbing, holding, stor- 
ing and filtering large amounts of wa- 
ter. This type of forest soil, which 
takes water quickly, can hold 50 per 
cent or more of its total volume, which 
means that soil 6 ft. deep may store 
about 3 ft. of water. 

To appreciate this degree of absorp- 
tion, it is helpful to know that an inch 
of average forest top soil absorbs fifty 
times as much water as an equal depth 
of bare, silty loam. 

The rate of surface runoff from the 
forest floor is less rapid than that from 
other types of cover. More time is 
permitted for infiltration, and that wa- 
ter which does run off is relatively 
clear. Carefully conducted experi- 
ments were made over a number of 
years in Mississippi on a scrub oak 
forest and an adjacent open field with 
the same degree of slope and type of 
soil. It was found that the surface 
runoff from the open, cultivated field 
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was 127 times greater than from the 
adjacent forest, and the amount of 
soil carried off was more than 900 
times greater. 

A few hydraulic factors are useful to 
increase one’s understanding of runoff : 

1. When the degree of slope is in- 
creased 4 times, the velocity of the 
water is doubled. 

2. When the velocity is doubled, 
the cutting or erosive power of water 
is increased 4 times. 

3. When velocity is doubled, the 
quantity of the material which the 
water can carry is increased 32 times. 

4. When velocity is doubled, the size 
of the particle that can be moved or 
rolled is increased 64 times. 

Evaporation is 30 to 40 per cent 
less from forest-covered soil than from 
bare soil. 

Transpiration from trees is believed 
to be less than from rapidly growing 
annual crops such as corn or clover. 
This statement is based on compara- 
tive measurements made on European 
tree species. It is interesting to note 
than an acre of Kansas corn, in a 
single growing season, will transpire 
approximately 324,000 gal., which is 
1,296 tons of water, or the equivalent 
of 11 acre-in. of rainfall. 

Forest mineral soil does not freeze 
as quickly nor as deeply as open field 
soil. Snow lies in the forest longer 
and melts more slowly, permitting the 
soil to absorb a much larger propor- 
tion of the winter precipitation. 

Forests as vegetative cover for the 
watershed approach the ideal. Ab- 
sorption and retention are at a maxi- 
mum; runoff and sedimentation at a 
minimum. Intelligent timber harvest- 
_ ing practices and fire control preserve 
this ideal; destructive timber cutting 
-and fire destroy it. 
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Fire Control Measures 


In the field of forest fire control, the 
state and counties maintain a state. 
wide forest warden organization. De. 
spite its handicaps this organization js 
doing effective work. When com. 
pared with that of neighboring states, 
Virginia’s accomplishment record js 
an outstanding one, yet the results 
were obtained at much less cost per 
acre. During 1946, 1,967 fires have 
burned about 26,900 acres, or only 
0.20 per cent of the 13,600,000 fores 
acres protected—a fine record. 

It is not enough to fight these de. 
structive fires—they must be prevented. 
The state plans to continue its fire 
prevention campaign aggresively. Wa- 
ter works men can assist in this cam- 
paign in many ways, as by: 

1. Distributing fire prevention ma- 
terial to employees and, along with 
their bills, to customers. 

2. Erecting posters and similar ma- 
terial in public places. 

3. Writing occasional news articles 
and making speeches, or at least men- 
tioning fire control in those speeches 
that are made. 

4. Insisting that, where applicable 
the law prohibiting the burning o 
trash, grass and other debris unti 
after 4 p.m. during March, April 
May be observed, and requesting to 
ordinances for unprotected areas. 

5. Acting against burning in cits 
dumps if they are near brushland o 
forest; complying with the fire pre 
vention laws by cleaning around them 

6. Organizing and equipping wor 
forces on or near the watershed as a 
emergency fire suppression crew. 

7. Rounding up a good force of m 
under competent foremanship when 
ever there is a fire on or near th 
watershed and sending it out to th 
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jorest warden in charge of the fire con- 
trol work. 

Grazing on a watershed, especially 
in the forest or land not well sodded, 
should be eliminated. Stock pack the 
sil, causing rapid runoff, silting and 
poor infiltration. 


Lumbering 

It is important that the existent 
merchantable timber on watersheds be 
harvested in such a manner that the 
ripe and mature trees will be removed, 


leaving the choice, unripe trees to 
grow and providing for immediate re- 
production of desirable species. Other- 
wise, there will be much destructive 
cutting on steep slopes, increasing soil 
exposure, runoff, washing and ero- 
sion—especially down the skid roads 
—and the fire hazard. 

One way to prevent destructive cut- 
ting is to practice selective harvesting. 
The cities of Newport News and Bed- 
ford, Va.; New Haven, Conn.; Pater- 
son, N.J.; and some others are man- 
aging their forest properties with 
profit. An act recently passed by the 
Virginia General Assembly permits the 
State Forest Service to render techni- 
cal forestry service to forest land- 
owners for a nominal fee. 

Upon the request of a landowner, 
a forester will work over a_ timber 
tract, blaze and stamp with a seal the 
trees which should be cut, and measure 
the merchantable volume. When the 
work is completed, the owner receives 
areport showing the number and kind 
of trees marked, their total volume, 
and, if requested, the names of possible 
purchasers in the area. This service 
costs only 25¢ per 1,000 fbm. 

Section 546a, Chapter 28, of the 
Acts of 1940 of the Virginia Code pro- 
vides for a co-operative relationship 
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between the state and municipalities on 
the promotion of municipal forests: 


Sec. 1. Each of the several counties, 
cities and towns in this Commonwealth, 
acting through its board of supervisors, 
council or other governing body, is 
hereby authorized and empowered to 
acquire by purchase, gift or bequest such 
tracts of land suitable for the growth of 
trees as may be available and as such 
governing body may deem it wise to so 
acquire, and to administer the same, as 
well as any lands now owned by any 
such county, city or town and suitable for 
the growth of trees, as county, city or 
town forests. 

Sec. 2. The Virginia Conservation 
Commission is hereby authorized, and it 
shall have the power to supply from its 
forest tree nursery or nurseries such 
forest tree seedlings and transplants as 
may be necessary and suitable for re- 
foresting any part or all of any lands 
so acquired, or now owned, and so ad- 
ministered by any such county, city or 
town, and to furnish such technical as- 
sistance and supervision as the said 
Commission may deem necessary for the 
proper management and administration 
of such lands and forest thereon, free of 
cost to the counties, cities and towns, 
provided that the respective counties, 
cities and towns shall agree to administer 
such lands in accordance with the prac- 
tices and principles of scientific forestry 
as determined by the said Commission. 

Sec. 3. Before the board of super- 
visors, council or other governing body 
shall acquire by purchase any real estate 
outside of the county, city or town which 
they represent, under the provisions of 
this act, they shall first secure the ap- 
proval of the governing body of the 
county, city or town in which such real 
estate is located. 


Heavy runoff and silting occur on 
open, abandoned, idle, eroded or steep 
cultivated land. These areas should 
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be reforested by setting out small pine 
or hardwood seedlings. 
cities have controlled serious watershed 
problems by this procedure—Hanover 
and York, Pa., New York City, and 
Salem and Roanoke, Va., among others, 
have instituted reforestation programs. 

Tree seedling stock may be secured 
from the state forest nursery at Char- 
lottesville, Va., at the cost of $2 to 
$3 per 1,000 to private owners. Seed- 
lings are available free to towns and 
cities. One acre can take about 1,000 
seedlings, spaced in rows about 6 X 7 


Numerous 
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ft. One man should be able to p 
400 to 500 per day. 

The author urges every municipalj 
that does not now own or control ; 
suitable watershed or source of wa 
supply to consider the gradual a 
quisition of land for this purpo 
Ideal watershed conditions may th 
be created by reforestation, the use 
good forestry practices, the exclusj 
of grazing, and by forest fire contro) 
Such a venture has proved profitab) 
to many cities and towns in the Unit 
States, as well as in Europe. 
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Application for Radio License 

injur 

Water utilities interested in obtaining authority from the Fed- are b 

eral Communications Commission to use radio equipment should ment 
refer to Part 17 of the commission's rules. These rules were load 

published in the December 1946 JOURNAL, p. 1398. Copies of § *% ™ 

Part 17 may also be obtained by writing to the Washington, D.C., An a 

office of the FCC. a 

Particular care should be taken in completing FCC Form 401—C yom 

precisely as outlined by the commission. It should be noted that §;. .., 

certain parts of the application pertain to the engineering aspects heen 

of the proposed station and certain parts pertain to legal aspects. work. 

In the normal course of events, applicants should expect that conce 

from four to six weeks will be required to process an application tively 

in the FCC office. This length of time is necessary to allow for § ous i1 

routine processing and checking by the commission's engineering fF the v 

and legal departments. cause 
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A paper presented on Apr. 
Chicago, by Harold F. 
Water Works & Electric Co., 


is curious and regrettable that 
there should be so widespread a 
misunderstanding of the meaning of the 
word “accident.” There is a tendency 
to define an accident as ‘‘an occurrence 
which causes personal injury,” when in 
reality it is a “happening without de- 
sign.” Often because of the failure to 
comprehend their true nature, only 
those accidents resulting in personal 
injury or in serious property damage 
are brought to the attention of manage- 
ment. If a truck is upset and the 
load spilled without damage, the load 
is replaced and nothing is said of it. 

An alert executive, hearing of the in- 
cident, would realize that something 
should be done. A repetition might 
cause injury or damage to material; 
in any event, the cost of handling has 
been increased. In accident prevention 
work, the mistake is often made of 
concentrating attention on the rela- 
tively few accidents that result in seri- 
ous injuries and of practically ignoring 
the vastly more numerous ones that 
cause little or no personal harm, but 
which, on the whole, are of greater 
significance. 

Successful accident prevention em- 
braces at least four fundamental ac- 
tivities : 

1. It begins with a study of all 
working areas to detect and remove 
obvious physical accident hazards. 
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, 1947, at the Illinois Section Meeting, — 
General Safety Director, American 
Inc., Nez 
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It comprises a thorough study of 
all operating methods and practices. 

3. It includes education, instruction 
and discipline to minimize “human” 
accident hazards. 

4. It is not complete without includ- 
ing a thorough investigation of every 
accident and doing whatever is neces- 


sary to prevent recurrence, 


Accident Investigation 


Accident investigation, as the source 
of the most impressive material for 
education and instruction, is of prime 
importance in any accident prevention 
program. It is the case method of 
safety study by which it is possible, 
through corrective treatment, to elimi- 
nate specific as well as common phys- 
ical hazards, or to correct unsafe prac- 
tices sometimes due to improper job 
training. The principal purposes of in- 
vestigation are to ascertain the cause or 
causes of the accident, so that measures 
may be taken to prevent repetition, and 
to determine facts that are important in 
determining liability. These measures 
may include mechanical improvements, 
better supervision, instruction of work- 
men and sometimes discipline of the 
person found guilty. 

Accident investigation is a simple 
procedure, but there are a few prin- 
ciples that should be followed if the 
maximum results are to be secured: 
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1. More than one person should in- 
vestigate, on the principle that “two 
heads are better than one.” 

2. Neither the investigation nor the 
investigators should be under the con- 
trol of the department head involved. 

3. Common sense and clear thinking 
are prime requisites. 

4. Familiarity with the equipment, 
operation or process should be at least 
sufficient to permit an understanding 
of the possible hazards in a given 
situation. ‘ 

5. Promptness is essential. Condi- 
tions may change quickly and details are 
soon forgotten. 

6. Each clue should be investigated 
fully. 

7. Since both a physical hazard and 
an unsafe act are present in a great ma- 
jority of accidents, both should be 
fully investigated. Every effort should 
be made to find a means of eliminating 

the physical hazard. Similarly, ap- 
propriate means of correcting the un- 
safe practice should be sought. 

8. No investigation is ever satis- 
factorily completed unless a definite 
recommendation is made for corrective 
action. 

If, in any given establishment, a 
policy of thoroughly investigating each 

accident is adopted, a fund of infor- 
mation on prevention will gradually be 


q built up. 
_ Accident Cause Analysis 


Many men are alive and well today be- 
cause of an accident. That is a startling 
statement, but it is true. The accident 
. happened to someone else and from it 

they learned how to protect themselves. 
If experience from accidents is to be 
advantageously used in their preven- 
tion, we must dig down to bedrock 
causes. This must be done by analyz- 
_ ing the agency, type, unsafe condition, 
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whey 2 
unsafe act and unsafe personal facto, 
involved in each accident. If thege 
elements are correctly developed, the 
primary cause of the accident can be 
ascertained, and a strong effort cap 
be made for corrective action. 

No accident can possibly occur with. 
out the unsafe act of a person, an un. 
safe physical condition or a combina. 
tion thereof. Management, having 
complete control over work processes 
and all other working conditions, mus 
discharge its own responsibility by im 
proving environmental conditions to ; 
point where the personal risk of ac. 
cidental injury has been minimized, 

An unsafe act may ordinarily by 
committed several hundred times be. 
fore a penalty is exacted in the forr 
of an injury. The unsafe acts of per- 
sons occur and exist only because of 
personal faults, which may come from 
inexperience, ignorance of safe methods, 
thoughtlessness or just plain reckless. 
ness. These personal qualities may 
sometimes be traced to individual or 
environmental tendencies, which can 
be determined from a study of the at- 
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titudes and characteristics of any giver 
human subject. 

“Carelessness” is listed as the great: 
est accident problem and the most fre 
quent cause of injury. In practically 
every accident, investigation finds a no 
table lack of explicitness about whos 
carelessness was responsible, implyin 
that the unfortunate victim of the ac 
cident did not come within the sco 
of the law of self-preservation. Co 
sultation with the dictionary defi 
carelessness as “freedom from care 
anxiety or solicitude; having no con 
cern with consequences.” Apparently 
then, a surprisingly large population 
our industrial employees are completel) 
indifferent to the possibility and im; 
mune to the results of pain! Usually 
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the word is used as a poor synonym for 
inattention or bad safety practice. The 
guthor will never be convinced that any 
worker wants to be hurt. Therefore, 
ff improper lighting facilities, personal 
worries, fatigue or dietary deficiencies, 
casual supervision, inability to enforce 
safety regulations or any other such in- 
direct accident cause is shrouded in the 
word “carelessness,” it becomes clear 
to the investigator that he is being con- 
fronted by a neat example of buck- 
passing. Certainly, the most charitable 
viewpoint is that there is a serious 
reflection on someone’s leadership. 
Gause and Cure 


The problem of safety is divisible 
into two important determinants—en- 
vironment and human behavior; and, 
basically, we must concern ourselves 
with these in any accident analysis if 
we are to determine the cause and cure. 
It will be necessary at this point to re- 
yiew some typical water works accident 
cases, in order to determine their 
causes and what can be done to pre- 
vent recurrence: 

Case 1. An excavating contractor 
was employed to dig a trench 28-in. 
wide, 64 ft. deep and 650 ft. long in an 
unimproved street. A gasoline-pow- 
ered back-hoe type trenching machine, 
equipped with caterpillar drive as a 
means of locomotion, was employed in 
making the cut through a soil composed 
of heavy cohesive clay to a depth of 
6 ft., at which level a stratum of sandy 
loam was found. The work plan called 
for the pipe gang to lay and join pipe 
progressively, keeping at a respectable 
distance from the machine. Two 18-ft. 
sections of cast-iron, bell-and-spigot, 
cement-lined pipe had been laid and 
calked, and three laborers were trim- 
ming the bottom of the trench when a 
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cave-in occurred. Many were the con- 
jectures and theories of eye-witnesses— 
workmen and “sidewalk superintend- 
ents’—and the newspaper report of 
the accident was uncommonly kind in 
stating that it was “purely accidental.” 

These amateur observers missed an 
important clue, however, when they 
failed to notice a pile of unused planks 
and trench jacks nearby. What caused 
the bank to cave in? Did the weight 
of the machine weaken the side wall? 
Was the spoil bank too close to the edge 
of the trench? Did the stratum of wet, 
sandy loam at the bottom of the trench 
have any effect? Any one of these clues 
could have been accepted as the an- 
swer to this problem, but all were set 
aside as “accessories to the fact,” for 
further investigation uncovered the 
primary cause. Examination of the 
trench showed that the side wall of the 
cave-in section had been severely un- 
dercut when the back-hoe canted, due 
to sloping topography in this vicinity ; 
and, lacking vertical support, the section 
broke away. Who was responsible for 
this accident? What preventive meas- 
ures should be taken to prevent a re- 
currence? Yes, rigid rulings were im- 
mediately re-issued about trench shor- 
ing and so on, but unless management 
is alert to human shortcomings and 
occasionally “spot checks’ these jobs, 
supervisors are apt to use their own 
judgment about shoring, and this type 
of accident can recur with disastrous 
results. 

Case 2. A calker was leading a wet 
joint when an explosion occurred, and 
his face was spattered with hot lead. 
Fortunately, he was wearing goggles; 
otherwise he probably would have lost 
his sight, as both lenses were covered. 
This type of accident, which is not 
uncommon in the water works indus- 
try, brings up a question which the 
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author has propounded for years: 
_ “How does one lead a joint—safely?” 
_ Thus far, there have been many long 
and short answers to this question. 
- Some insist that by setting the gate of 
the “snake” off center and pouring 

the lead in on the down side, a hissing 
of steam will follow, but there will be 
no explosion; others favor pouring a 
small—and how much is that ?—quan- 
tity of kerosene oil into the joint; still 
others have their favorite methods— 
_ yet the joints continue to blow. The 
author maintains that, basically, there 
is one right way to pour a lead joint, 
and “the right way is the safe way.” 
Why is this experience not pooled on a 
national basis, and standard safe prac- 
tices in handling hot lead and other 
_ dangerous substances developed and 
a _ made available in the interest of op- 
erating efficiency and safety?  Inci- 
dentally, clear plastic face shields 
_ should replace goggles for wear during 
_calking, as they reduce steaming or 
fogging to a minimum and _ provide 
_ more complete protection. 

Case 3. A filter plant employee 
strained his back while lifting a 100-Ib. 
bag of lime and lost considerable time 

work while recovering. Investi- 
_ gation disclosed that this employee 
actually weighed 124 Ib. and had been 
assigned to a job at which he was 
_ practically lifting his own weight. No 
wonder he strained his back! His job, 
of course, was then changed to one 
more in keeping with his physique. 
Strains and hernias purported to have 
occurred in the course of work present 
a real problem, and the author knows 
of no other types of personal injury 
so much used as a shield for malinger- 
ing. 
Nevertheless, there are many real 
cases of back strain which are usually 
caused by workers’ having little or no 
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knowledge of how heavy weights 
should be lifted. But that is not the 
whole solution to the problem. Map. 
agement needs to take into considera- 
tion the size and weight of the com- 
monly used packaged materials, such 
as lime, alum, soda ash, and pipe and 
fittings, and turn its thinking to 
need for mechanical lifting and con- 
veying devices in order to reduce the 
element of risk that goes with manual 
handling of materials. A simple ex- 
pedient in the use of many chemicals 
is to reduce the size and weight of the 
package. The U.S. Dept. of Labor 
set a 50-Ib. load, in compact form, as 
being a safe lifting limit for male 
workers. The actual weight which 
may be lifted by a worker, however, 
depends upon the worker himself. The 
physical qualifications of the individual 
worker and his training and experi- 
ence in lifting are the real criteria of 
how much he can safely lift. Actually, 
strains accounted for 16 per cent of 
all reported accidental injuries occur- 
ring on the properties of the American 
Water Works and Electric Co., Ine, 
in 1946. 

Case 4. A laborer was struck in the 
eye by a flying piece of cast iron with 
such force that his vision was destroyed. 
At the time of the accident he, together 
with two other workers, was engaged 
in hand-cutting a cast-iron pipe, using 
a sledge and cleaver. Although both 
of his helpers wore goggles, he did not 
protect his eyes because he insisted 
that goggles interfered with his vision 
while striking the cleaver with the 
sledge. He is now blind in one eye. 
Of course, he will be fully compensated; 
but is money enough to compensate 
for this irretrievable loss? The job 
was completed by a substitute sledger, 
who wore a plastic face shield. He 
made no complaints about the shield 
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interfering with his vision. Who was 
responsible for this accident? These 
eye hazards simply cannot be over- 
come if supervisors continue to let 
workmen have their own way about 
wearing protective devices. 

Case 5. A filter operator lost his 
balance and fell into an outdoor basin 
at the intake of a 200-ft. covered flume. 
Probably he would have been carried 
to his death had he not made a lucky 
orab and held to the side wall. There 


“Bwas no strainer or grating across the 


opening—there is now! There is al- 


ways danger of drowning to men who 
work around open basins, tanks and 
reservoirs. The danger increases dur- 
ing severe winter months, when it be- 
comes necessary to break ice away 
from the weirs and openings. It should 
always be ascertained that such work- 
ers can Swim; a permanent means of 
egress from the tank should be pro- 
vided; and the wearing of life belts or 
preservers, as the nature of the work 
may sensibly demand, should also be 
considered. 


This discussion need not investigate 
in detail the dangers in the use of chlo- 
rine, lime and electricity or in a multi- 
tude of common hazards both directly 
and indirectly connected with the wa- 
ter works industry. Suffice it to say 
that the prevention of accidents is pred- 
icated on the experience gained from 
many unfortunate occurrences ; and, in 
the light of the probable high loss 
ratio entailed by these accidental in- 
juries and on consideration of their 
relationship with efficient and economic 
operation, it is time water works ex- 
ecutives were doing more about it. 

Management should: 

1. Organize for safety at its plants 

2. Tighten up on supervision 

3. Provide personal protective equip- 
ment and see that the men use it when- 
ever needed 

4. Correct any physical hazards that 
may exist 

5. Develop standard safe working 
practices and see that they are followed 

6. Educate employees to do their 
jobs the best way—the safe way. 
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the company. 
Dept. employees have a safety meeting 


Meeting, Knoxville, Tenn., 


Co., Lexington, Ky. 


ohio the war, nearly all water 
utilities operated with a minimum 
of personnel. Now that they are at- 
tempting to get back to normal opera- 
tions, they must rebuild organizations 
with new and frequently untrained 
men and women. 

In rebuilding organization personnel, 
the first step is selection. This should 
be done very carefully, as it is much 
easier to put a man to work than it is 
to lay him off after he has been found 
inadequate. To assist in the selection 
of new personnel, the Lexington Wa- 
ter Co., Lexington, Ky., has the new 
employee answer a questionnaire de- 
signed to give some indication of his 
intelligence. A check is made, also, 
with former employers, who usually 
furnish a frank statement of the man’s 
ability and character. 

Various methods are used to convey 
to the new employees the policies of 
Pump Station and Street 


once a month, and this is found a good 
time to discuss company policies with 
them. From time to time, there are 
meetings of the office employees, at 
which company policies are discussed. 
Talks have been given and reading ma- 
terial furnished, but one of the best 
methods of passing on to the new em- 


ployee an understanding of some of 
the policies of the company is by 
sound film strips. 
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By E. E. Jacobson 


A paper presented on Oct. 29, 1946, at the Kentucky-Tennessee Section 
by E. E. Jacobson, Mgr., 


Lexington Water 


A number of films, prepared for it 
subsidiaries by the American Wate; 
Works and Electric Co., are used fo; 
this purpose. Some of the titles are 
“Your Boss and Mine” (referring, 
course, to the public), “Public Opin. 


ion,” “Our Biggest Job,” “The Right 
Start,” “Set the Pace,” “Handling 
Complaints” and “Don’t Pass the 
Buck.” 


Dealing With Customers 


Lengthy explanations and complaints 
over the telephone are discouraged as 
much as possible, as the personal con- 
tact is much to be desired. The names 
of the various employees are on their 
desks or counters, so that the customer 
may know to whom he is speaking 
The employee should also know the 
name of the customer, and use it in 
the course of the conversation. Office 
employees have been taught always te 
ascertain the customer’s name and ad: 
dress, in order to “classify” him. This 
appraisal is necessary because the same 
explanation and presentation should not 
be given to an uneducated person, a 
business man and a college professor. 
Also, the person who is dealing with 
the customer must determine whether 
the customer desires information, 
merely wishes to pass the time of*day, 
or is angry. The success or failure of 
customer relations depends a great deal 


upon correct customer analysis. 
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The length or detail of the explana- 
tion, whether about water rates, me- 
ters, algae or any other daily problem, 
depends upon the education or general 
understanding of the inquirer. Often 
the general attitude of the customer 
will indicate how successfully the ex- 
planation is progressing, and his ques- 
tions will determine the degree of de- 
tail to which the explanation should 
extend. An effort is made not to talk 
above or below the customer’s level, 
nor to evade his inquiry by talking 
around it. All customers are entitled 
to and receive an answer to their ques- 
tions, but the same question asked by 
different customers will receive dif- 
ferent answers. 

Certain employees have been desig- 
nated to handle various complaints 
and questions. Those involving the 
adjustment of bills are answered by 
the teller or his assistant; problems 
about connections, services and exten- 
sions, by the contract clerk or distribu- 
tion engineer; taste and odor com- 
plaints, by the senior clerk or distri- 
bution engineer; chemical analysis or 
the kinds and use of chemicals, by the 
chemist. In addition, all complaints 
may be referred to the manager. It 
has been found that misinformation is 
worse than no information at all. 


Building Good Will 


The method of dealing with people 
today is entirely different from the 
methods of 20 or 30 years ago. The 
company has attempted to modernize 
its dealings with customers, not by a 
blanket assumption that he is always 
right, but by a cheerful willingness to 
explain or show to him any part of 
the system. 

The good will which a utility realizes 
in a community is established over a 


period of years, but it may be lost 


q 


overnight in many different ways. Be- 
cause one of these ways is through 
employee discourtesy, the training of 
new personnel is of great importance 
to management. 


A pleasant, co-operative and well-— 


informed employee is a tremendous 
force for building good will and good 
customer relations. 


building customer good will, and every 


employee should feel a genuine will-— 


ingness to serve the public. At one 
plant where this necessity is recognized, 
standards have been set to govern the 
attitude of the employees: 


1. Every customer is to be treated 


as the employee himself would wish 
to be treated. 

2. Questions must never be ignored 
or evaded. It is better to admit igno- 
rance than to bluff or invent an answer ; 
the employee should say he will find 
out—and then do so. 

3. No promises should be made that 
cannot be kept or that involve an- 
other without his knowledge. Once a 
promise is made, the employee should 
do everything in his power to keep it. 

4. The employee’s attitude should 
be courteous and pleasant—never gruff 
or snappy. 

5. The employee should smile often, 
and show that he means it. 

6. The employee should accept re- 
sponsibility and admit error without 
hesitation or “buck-passing.” 

7. No arguments should be per- 
mitted to develop. Good will never 
results from disagreement. 

When a new employee joins the staff 
of the Lexington Water Co., he is 
given a copy of Dale Carnegie’s How 
to Win Friends and Influence People 
and a booklet on “The Value of a 
Smile,” and is asked to read them. 
Because an employee may be either an 
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asset or a liability to the organization, 
the selection and training of personnel 
of paramount importance. 
Every year a progress report is pre- 
_ pared on each employee, in which an 
attempt is made to evaluate the quality, 
_ volume or speed of his work, his knowl- 
_ edge, experience, dependability, char- 
acter, capacity for growth and initia- 
Eo and the quality of his relations 
_ with other employees and the public. 
_ It is surprising how similar are evalua- 
tions by different supervisors of the 
same employee. 
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To keep the good will of the em- 
ployees themselves, management should 
show an interest in their working con- 
ditions, health, safety, home life and 
personal problems. An employee who 
is not in good health or who has his 
mind filled with worries cannot do his 
work in the best and most efficient 
manner. It is not possible to give due 
consideration to the problems of cus- 
tomers when beset by personal trou- 
bles, and the company should do what 
it can to give the employee a feeling of 
security and of satisfaction in his work, 

"Fae: 


specified for these meters. 


Revision of Current Type Meter 
i Specifications 
On Jan. 15, 1947, the Association’s Board of Directors approved a 


revision in the Tentative Standard Specifications for Cold Water Meters 
—Current Type—7M.2-T, which alters the safe operating capacities 


In Table 1, column 2, page 2 (page 544 in April 1946 JourNAL), the 
following values should be substituted for those now listed: or 


7) Meter 


(2) 


Operating Capacity, 


1} 100 


1400 
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Traverse City, Mich., 
neering Dept., 


Lansing, Mich. 


ITHIN the last few years, the 

amount of insoluble clinkers in 
calcium oxide for water treatment 
seems to have increased. This condi- 
tion became very noticeable in the 
Lansing, Mich., plant, where the clink- 
ers built up in the rapid mix and floc- 
culator basins, requiring the attend- 
ant nuisance and chore of removal. 
To protect the mechanical equipment, 
basins had to be shut down and cleaned 
every month. 

The solution, of course, involved re- 
moval of the clinkers before they en- 
tered the basin. A classifier was there- 
fore devised to permit the continuous 
removal and washing of the clinkers 
from the milk of lime as it leaves the 
slaker. Of course, it would probably 
not have been necessary to construct 
special classification equipment had the 
lime slakers been new, for clinker clas- 
sification would probably be provided, 
if required, as an integral part of the 
equipment in new lime slakers. 

Normally, classification is simply an 
application of Stokes’ law dealing with 
velocity and particle size. But milk of 
lime, which is the carrying medium, 
is a flocculent suspension of varying 
specific gravity, and normal classifica- 
tion methods could easily result in loss 
of lime. Consequently, the undertak- 
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Clinker for Lime Slakers 


By A. E. Howell “ti 


A paper presented on Sept. 19, 1946, at the Michigan Section Meeting, 
by A. E. Howell, Civ. Engr., 
Board of Water & Electric Light Commissioners, 


Mechanical Engi- 


ing was conducted more on an experi- 
mental trial and error basis. 

The first attempt involved hydraulic 
separation by means of cone and mul- 
tiple-tray classifiers, but the working 
space of less than 30 in. between the 
floor and slaker ruled out any appre- 
ciable storage of the clinker. Further- 
more, any batch process carried with 
it sufficient lime to cement the clinker 
into a disagreeable mass for handling. 

In response to pleas for help, the 
slaker manufacturer, despite his war- 
time activities, was able to find suffi- 
cient time and material to provide an 
experimental unit from which the 
present classifiers were ultimately de- 
veloped. 

As a basis for the classifier design, 
the characteristics of the milk of lime 
were studied. It was determined that 
the clinker content is normally 0.3 to 
0.8 per cent, increasing to a maximum 
of 1.8 per cent. The weight of the 
clinkers, including 16 per cent of mois- 
ture, is 56 lb. per cu.ft. The angle of 
repose in the milk of lime solution was 
established as 45 deg., and the angle of 
repose in the direction of slurry flow, 
as 35 deg. 

For a normal lime feed of 800 to 
1,000 lb. per hour, and a maximum of 
2,000 Ib. per hour, such as is experi- 
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enced at Lansing, it was found that the 
classifier should have a decanting weir 
60 in. long, a settling chamber of 6 
cu.ft. and a surface area of 5 sq.ft. 
The 4-in. diameter screw conveyor re- 
quired a pitch of 4 in. on a maximum 
incline of 26 deg. The speed is 5 rpm., 
powered by a drive of 4 hp. 
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is accomplished through a V-belt pulle 
drive from the motor to a worm gegp 
reducer, and from the reducer through 
a chain sprocket drive to a screw eg 
veyor. The lower screw conve 
bearing is of rubber and is kept clear 
and lubricated by a fresh water con. 
nection with a flow rate of less thap 
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: A unit having minimum volume was 

_ desired, not only because of the space 

requirements, but also to minimize the 

time lag when changing the rate of 

lime feed. 

A sketch of the resulting classifier is 
shown in Fig. 1. The motor reduction 
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LONGITUDINAL SECTION 


Diagram of Clinker Classifier for Lime Slaker 


1 gpm. The slurry enters at the bal: 
fled throat and travels to an enlargin 
section for velocity reduction. It i 
then divided by sloping baffle plat 
into three parts for independent de; 
livery to the three weirs. As the veloc 
ities are reduced in the first portion 0 
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Fic. 2. Classifier Unit After Use 


the flow, the clinkers fall directly into 
‘the screw conveyor for removal. In 
the latter portion, the multiple-tray 
classifier is simulated with the clinkers 
falling through, counter to, and below 
the main flow, to be deposited in the 
screw conveyor. A fresh water inlet 
in the upper portion of the screw con- 
veyor compartment provides sufficient 
head to keep this portion of the screw 
running in clear water, which effec- 
tively washes the clinkers of adhering 
lime. The screw continues the trans- 
portation of the clinkers above the wa- 
ter level for a distance of about 8 in., 
which provides ample time for the 

drainage of surplus moisture. ae 


The screw conveyor flighting, speed _ 
reducer, pulleys, sprockets, motors, 
bearings, pipe and No. 10 gage sheet _ 
steel were purchased separately. The © 
plant mechanics did all the fabricating, 
welding and assembling of the unit. 
The screw conveyor trough section was 
made by cutting a piece of 5-in. pipe 
longitudinally and welding it to the 
rest of the unit. The finished classi- 
fier with the lid open is shown in _ 
Fig. 2. 

The cost of the unit was: Papen 


Material $ 85.00 
Labor 
ToTaL $375.00 per unit 


Tests on the classifier show that 
effective removal is secured for all 
clinkers which would be retained on re 
a 42-mesh screen, or a grain size over % ; 
0.014 in. Periodic cleaning of basins 
is now dictated by mechanical inspec- 
tion rather than the overburden of 
clinkers, and usually takes place every 


3 to 6 months. 
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Value of and Meter 


Standardization 


A paper presented on Oct. 11, 


Ohio. 


pur RE appears, on first thought, to 
be little doubt of the advisability 
and the value of full standardization of 
fire hydrants, valves, meters or any 
other equipment used in the operation 
of a water works system. Reflection, 
however, may find many reasons why 
it would not always be wise or practical 
to attempt to arrive at complete stand- 
ardization. The subject, therefore, ap- 
pears to be quite controversial and 
thus to lend itself to considerable de- 
bate. 

In favor of standardization can be 
enumerated general advantages, such 
as the minimum amounts of repair 
parts that have to be carried in stock 
for current and emergency repairs, the 
simplified and expedient manner in 
which these repairs can be made, the 
advantage of the more thorough and 
complete knowledge of the equipment 
on the part of the operating personnel 


and the greater economy of operation 


that will naturally result from these 
advantages. 


Fire Hydrants 


All fire hydrants in a given commu- 


nity must of necessity have standard 


threaded outlet connections. Once a 
standard is adopted and installed in a 
it is 


1946, at the Ohio Section Meeting, 
Columbus, Ohio, by George J. Van Dorp, Comr. of Water, Toledo, 


for the cost of conversion to a new 
and perhaps more generally used stand- 
ard is usually prohibitive. For exam- 
ple, the city of Toledo uses hose out- 
lets with a pitch of 8 threads per inch, 
whereas the national standard pitch is 
74 threads per inch. 

Some years ago, when as many as 
four different outlet threads were used, 
Toledo standardized on one which, un- 
fortunately, was not the one generally 
adopted and now known as the “ 
tional standard.” This is a handicap 


at times when serious conflagrations in 
neighboring towns and communities 
occasion a call for the aid of Toledo 
fire fighting facilities. The author re- 
calls one fire about six years ago whic 
led the neighboring city of Monroe, 
Mich., to call for assistance. Because 
of the difference in hydrant nozzle 
threads and the lack of suitable adapt- 
ers, it was necessary for the Toledo 
firemen to lay lengthy pumper suction 
and discharge lines, in order to obtain 
water from a natural, open source. 
Such conditions cause delays, with re- 
sultant increases in fire losses. 


Valves 


Of the three kinds of equipment un- 
der consideration, the underground 
valves: in the "distribution system are 
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perhaps the most important, as they 
are least accessible and therefore most 
likely to be neglected. 

In any distribution system, it is im- 
portant that all gate valves operate to 
close in the same direction of valve 
stem rotation. The so-called left-hand 
and right-hand varieties should not be 
mixed in the same system, as confused 
personnel may damage the equipment. 

Valves of equal size but of different 
makes will often require a different 
number of turns for complete opening 
or closing. Because department rec- 
ords are not always complete or clear, 
valves of many different makes—espe- 
cially if they have been in service for 
a number of years—cannot always be 
properly identified. Faulty or hard 
working valves, therefore, are fre- 
quently abused, causing broken valves 
or valve stems and consequent delays 
in effecting shut-downs, as well as 
costly repairs. The number of differ- 
ent makes and types of valves in the 
system should be held to a minimum to 
reduce the inventory of parts carried 
in stock and to facilitate repair opera- 

In the operation of the distribution 
system, the water meter requires a 
great deal of repair and testing. The 
outstanding reasons favoring standard- 
ization are the smaller stock of repair 
parts that may be carried and the in- 
creased efficiency of the meter repair 
and testing operations when personnel 
are able to concentrate their efforts on 
a limited number of different meter 


types. 
Effects of Nonstandardization 


In considering the various factors 
pertinent to the value of standardiza- 
tion, the author some time ago exam- 


VALUE OF STANDARDIZATION 


ined the records of his owndepartment. 
He found a condition, which, though _ 
it appeared to be unique as anexample 
of nonstandardization, may, neverthe- _ 
less, be representative of situations in _ 
many large cities. 1% 

The Toledo metropolitan water dis-— 
tribution system, which serves a popu- 
lation estimated at 340,000, contains 
8,819 water line valves, ranging in size 
from 4 to 60 in. These represent 20 _ 
different manufacturers, 7 of whom no _ 
longer make valves. 

The department has in service 77,- 
801 water meters, in sizes ranging» 
from & to 10 in., of 15 different makes. 
Approximately 23,000 of these meters — 
can be classed as obsolete because they 
are no longer manufactured, and it is 
becoming extremely difficult to keep 
them in repair. 

Fire hydrants in the system total — 
5,979. There are 22 different types, 
manufactured by 11 different firms, 4 _ 
of which are out of business. 

There are a number of valves and 
fire hydrants for which parts can be 
obtained only on special order. To 
avoid long delays and reduce the cost 
of repairs, as well as extend the useful 
life of this equipment, a supply of re- 
pair parts made in the Toledo water 
works machine shop is kept in stock. 
As it is becoming increasingly difficult 
to obtain repair parts for certain me- 
ters, the possibility of making these 
parts also is now being investigated. 

In .selecting hydrants, valves and 
meters for use in the distribution sys- 
tem, every attempt should be made to 
select good standard equipment of rep- 
utable manufacture and to keep the 
number of different makes to a mini- 
The extent to which this may 


mum. 


be possible, reasonable and wise will 
depend on a number of factors, the . 
effects of which will vary with the size 7 
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of the system and the specific charter 
provisions governing municipal pur- 
chases. Wherever practicable, it is 
suggested that A.W.W.A. Standard 
Specifications be used as a basis for 
new purchases. 


Possible Standardization Difficulties 


Municipally owned and _ operated 
systems usually must accept bids for 
materials and equipment on specifica- 
tions that permit at least three different 
manufacturers to bid. This provision 
can hardly be met without opening the 
door to many other manufacturers, 
and, as the award is to be made to the 
lowest and most favorable bidder, it is 
not always easy to reject a bid on 
equipment because it does not happen 
to be one that has been selected as a 
standard. 

The degree to which standardiza- 
tion should be attempted will depend 
on the size of the system, or rather on 
the number of units of the equipment 
in the system. The writer does not 
attempt to suggest any standard, but 
would like to call attention to the 23,- 
000 “King” water meters in the Toledo 
system. They are the product of a 
firm which was judged to be very 
stable, but is now no longer in busi- 
ness, not even for the manufacture of 
repair parts. It is fortunate that the 
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city of Toledo did not standardize com. 
pletely on this particular water meter, 

Although water works executives 
attempt to standardize for reasons of 
convenience and economics, they must 
at the same time remain alert and be 
ready to recognize worthwhile equip. 
ment improvements. These improve. 
ments will not always be offered by 
the manufacturers whose product may 
have been chosen as a standard. 

Much can yet be accomplished by 
manufacturers in the way of standard- 
izing on certain dimensional and me- 
chanical features which would in no 


way alter their own particular advan- 


tages. Such joint accomplishment on 
the part of some of the leading manu- 
facturers of fire hydrants, valves and 
meters, would surely be appreciated 
by all water works men. For exam. 
ple, it may be suggested that valves of 
all manufacture should be designed to 
open and close with a standard nun- 
ber of turns for a given sized valve, 


Conclusion 


In general, some standardization 
policy should be adopted for every wa- 
ter works system. In the present cir- 
cumstances, and under the usual lack 
of freedom to purchase, there is little 
likelihood that standardization will be 
overdone. 
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A Style Manual for Journal Authors s——=#w™ 


An editorial statement specifying the mechanical and style require- a 4 
id be ments for Journal manuscripts and outlining briefly the steps involved = 
quip- in Journal publication procedure, with a supplementary discussion = = ‘ 
rove- of the rules of oral presentation. Reprints of this document are dish, 
d by available for distribution through Association headquarters. ee 
may 
MANUSCRIPT is the raw mate- ceived are almost always inferior from {| 
d by rial from which each JouRNAL a mechanical standpoint rather than by 


lard-} article is fabricated. Only to the ex- reason of their subject matter or its 

me-} tent that the manuscript is of superior interpretation, and because poor arti- 
n no quality can the published article be of cles are usually the result of an author’s 
lvan- superior quality. Just as it is expen- misconception of his part in the publi- Jy 
it On} ive to produce a standard quality cation process, the Association presents : 
lanu- product from an inferior raw material, herewith a guide to the mechanics of 
and) it requires added effort and time to manuscript preparation and to the 
iated) develop even a fair presentation from proper handling of proofs. Though 
xam-) , poorly prepared manuscript. by no means a complete manual of 
es oi! At the other end of the production style, so far as they go these specifica- 
»d to process, quality also hangs in the bal- _ tions are to be considered the standard 
1uM-Fance. The superior quality of a raw for JouRNAL authors. Additional in- 
ve. |material is lost if the manufacturing formation regarding the points covered 
process is slipshod. A good manu- and detailed advice concerning the or- 
_ [script becomes a poor article if the ganization and development of the tech- 
ations editing or the proofreading is care- nical article may be obtained from a 


Wa} lessly handled. number of books dealing specifically 
Because the inferior re- with those subjects (1-4). 
a 
Too much emphasis cannot be These rules are fundamental: 
placed upon the basic mechanical re- 1. Every manuscript should be type- 


quirements of manuscript preparation. written on one side of 8$ X 11 in. white | 
Ifno other rules than the fundamentals paper, capable of taking ink and sub- 

of proper manuscript typing are fol- stantial enough not to curl. 

lowed, the editor will have been re- 2. Every part of the manuscript . 
lieved of an onerous eye-straining task should be double-spaced. Tabular ma- 
of squeezing and patching that cannot terial, lists of references and quota- 

but distract him in performing the tions require much more marking than 
more important functions of editing, straight copy, so it is particularly im- 

and the typesetter will have been re- portant to allow the editor and the 
lieved of the costly necessity of guess- printer ample room between lines to 

ing his way through a labyrinth of write in their instructions to the type- 
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Margins throughout the manu- 


script should be at least an inch on 
both sides and top and bottom. 

4. The original manuscript, never a 
carbon copy, should be submitted for 
publication; additional copies are al- 
ways helpful, but the original should 
always be sent. 

In addition to these basic require- 
ments, there are other rules of prep- 
aration which will eliminate confusion 
both in editing and in reading the 
paper before an audience: 

Long words at the ends of lines 
should not be split to the next line, as 
the hyphenation necessary makes type- 
setting less accurate and reading more 
difficult. 

Tabular material, reference data and 
footnotes should be typed on separate 
sheets. Since they are typeset on dif- 
ferent machines from the text of the 
paper, they must at some point be sep- 
arated from the main portion of the 
manuscript. Since they are not usually 
read as part of the oral presentation, 
they merely interrupt the speaker. 

Indention should not be relied upon 
to set off portions of the text, as that 
method does not lend itself to use in 
the narrow columns of the JOURNAL. 
Speakers too will find the use of num- 
bered paragraphs or subtitles much less 
difficult to handle than any means of 
oral indention yet devised. 

Capitalization should never be used 
as a means of emphasis. In the printed 
article, capital letters are both cum- 
bersome and ugly. In both printed 
and typewritten form, they are difficult 
to read. 

Underlining for emphasis should be 
held to an absolute minimum. Not 
only do the resulting italic letters de- 
tract from the appearance of the Jour- 
NAL article, but the method defeats its 
purpose if overused 


FOR JOURNAL AUTHORS Jour. AWWA May 
Titles troul 
The title of a paper should be ak A 

wit 


to its contents, not an abbreviat 
boldface version of the discussion j 


self. It should be long enough to py # ' 
specific, but short enough, preferably 1. 
to fit on a single line—short enough} the 
too, to be remembered. A good titif and 
maintains the tone of the paper itself this 
and classifies its story briefly ang the | 
pointedly. An examination of som are 
recent issues of the JOURNAL will in} treat 
dicate the general type preferred ang subj 
the space limitations involved. be t 
On a separate sheet of paper, tof page 
gether with the title, there should bf and | 
included copy for the by-line and thé mark 
introductory note which appears dif 7 
rectly below it. the 
For the by-line, the author sho ened 
generally use his first name, mid cons: 
initial and last name, unless he d the } 
not regularly employ that form oj; 44 
address. the 
For the introductory note, he shoul jhe , 
give complete information in the fol} jem 
lowing form: type 
A paper presented on (date), at left 1 
(section name) Meeting, (city of abov 
meeting), by (author's name), (author§ 3 
title or position ), (author’s busines$ 
affiliation), complete  maili 
address). 
Although only the city and state of When 
the author’s address are given in t head 
printed note, the full address is ref 
quired in manuscript, so that correg @T¢ 
spondence and proofs may be proper used 
directed in preparing the paper fo ™ 4 
publication. ae 
repos 


Subheads help the reader and en lined 
hance the printed presentation of aj 0 se 
paper. If the author has done a good) gin, 
job of of organization, he will have little} and | 
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trouble in developing and placing head- 
ings in positions which correspond 
with the divisions and subdivisions of 
his outline. Three types of subheads 
are used in the JOURNAL: 


1. Major subject headings, such as 
the two—‘Manuscript Preparation” 
and “Publication Procedures”—used in 
this document, are rarely necessary in 
the ordinary JoURNAL article. They 
are required only when a discussion 
treats of two or more distinct major 
subjects. When included, they should 
be typed centered on the manuscript 
page with at least two spaces above 
and below to allow the editor room to 
mark in type specifications. 


2. Ordinary subheadings, such as 
the boldface ‘“‘Subheads” above, are 
used to indicate the various points 
considered in discussing the subject of 
the paper. These heads are used in 
virtually every article printed; and for 
the large majority of articles they are 
the only heads required. In placing 
them in the manuscript, each should be 
typed on a separate line, flush to the 
at thé leit margin, with at least two spaces 
ty of above and below. 
uthor' 


3. Minor headings, such as the itali- 
cized “Approach and Tone,’ “Termi- 
nology,’ etc., under the subhead “Other 
Style Requirements,” are required only 
when the material under any one sub- 
head needs further breakdown for clar- 
ity or emphasis. Ordinarily, when re- 
quired at all, such breakdowns need be 
used only under one or two subheads 
in an article, particularly where the 
section broken down is such a general 
repository as that mentioned above. 
Such minor headings should be under- 
lined in typing, and should be placed 
on separate lines, flush to the left mar- 
gin, with at least two spaces above 
little} and below, 
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Reference to some recent JOURNAL 
articles will give the author a good 
general picture of the proper use of © 
subheads, but some further points of 
style should be emphasized: : 

Subheads should be written in phrase, 
rather than clause, form. Although 
often effective, the clause form is for 
the most part out of character with 
JOURNAL articles as well as difficult to 
handle in the narrow columns used. 
Thus the phrase form has been made 
standard for all articles—not “How to 
Prepare a Manuscript,” but ‘“Manu- 
script Preparation.” 

Subheads should be typed in capitals 
and lower case, never all capitals. 

At least two spaces should be left 
above and below each subhead to allow 
the editor space to write in his instruc- _ 
tions to the printer. s 

Although it is impossible to give _ 
any general rule for the number of 
subheads to be used, authors should 
remember that too many heads will 
make the presentation choppy as well 
as unattractive, and that too few will — 
make it formidable to the reader and _ 
difficult to follow. 


Illustrations 


Good illustrative material can per- 
form an important function in clarify- 
ing the written presentation of any 
subject, but to do so it must be both 
pertinent and _ intelligible. Photo- 
graphs, charts, graphs and diagrams 
which meet these requirements should 
be employed just as often as they add 
information to or aid understanding of 
the text. All such illustrations should 
be submitted with the original manu- 
script. 

For proper reproduction in publica- 
tion, clear glossy prints of photographs, 
post card size or larger, and original 
drawings or legible photostats are re- 
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quired. Since line drawings can be 
restyled by the Association’s drafts- 
man, it is not absolutely necessary that 
JourNAL style be followed in their 
preparation. Conformance with that 
style, however, will effect economies in 
time and expense and will eliminate 
the possibilities of error in redrawing. 
All illustrative material is returned to 
the author as soon as the required en- 
gravings have been made and checked. 

In selecting photographs to be used 
as illustrations, the author must take 
into consideration the fact that only 
those which present strong contrasts 
of light and dark will reproduce well 
and give the clarity of detail required. 
In preparing them for submittal, he 
should remember that photographs are 
fragile and that the reproduction proc- 
ess is a sensitive one. Marking of any 
kind on the face of a photograph, typ- 
ing or writing on the back, the use 
of paper clips or staples, and bending 
or folding all have a direct, adverse 
effect upon the ultimate engraving. 
Thus it is necessary to exercise ex- 
treme care in handling them. By lim- 
iting his markings to a figure number 
on the border of the photograph and 
by the use of backing board in the 
transmittal envelope, the author can 
assure proper reproduction. 

In developing the drawings for illus- 
trative purposes, the author will do 
well to consult first the related speci- 
fications of the American Standards 
Association (5) and other more gen- 
eralized discussions of the subject (6— 
9). In applying those suggestions spe- 
cifically to JoURNAL illustrations, how- 
ever, he must consider these two 
points : 

1. Full-page width is 4} in.; single 
column width is 2} in.; and full-page 
depth is approximately 7 in. Since 
original drawings must be scaled to 
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these dimensions, it is important that will 
they be prepared in proper proportion} pot 
In view of the fact that letter and grid} phe 
weights must be kept approximately} 
uniform throughout, the simplest sys§ wile 
tem for standardizing drawings is to) R, 
scale them to twice reproduction sj 
Reference to recent issues of the Jour 
NAL will illustrate the results obtain 
by this method. In any event, repr 
duction drawings should never 
larger than three times the size of 
ultimate illustration. 

2. Only essential lettering should 
appear on the drawing. Explanatory} ymn: 
notes, data and supplementary infor 
mation should be included in the per 
tinent text wherever possible, or, j 
that is not feasible, as a note below 
the figure title. 

All illustrations, regardless of type, givin 
should be numbered consecutively in} deve 
the order to which they are referred in 
the text. It is standard JouRNAL prac} 4. 
tice to refer to illustrations by the des-} they 
ignations “Fig. 1,” “Fig. 2,” etc., and 
to key each illustration to the pertinent] |), ¢. 


portion of the text. used, 
Figure titles for all illustrations§ shou! 
should be submitted with the origi 
manuscript. These titles should bel Foot 
typed (double-spaced) on a sepa Or 


sheet and should be developed accord+ ynne 


ing to the same specifications as given} tion 

above for “Titles.” : of th 

Tables ry 
tis 


Tables are a device by which staf tyre ; 
tistics, specifications and similar data} raphy 
can be presented most clearly, most) 95 pe 
concisely and most usefully. As such} elimi: 
they are an important tool of the author} cent , 
which should be employed as_ fre} of th 
quently as the discussion permits) wher 
When data are presented in this form) able, 
however, it should be ae strict 
that the function of the pertinent text} the s1 
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it thaf will be limited to their interpretation, 
Ortion} not their repetition in another form. 
d gridl The use of a table is not justified if it 
mately) «gnnot stand by itself, without a de- 
st sys tailed item-by-item explanation. 

iS toh Reference to recent issues of the 
n sizef JouRNAL will indicate the variety of 
Jours methods in which tabular material can 
tained) he handled. Common to all types, 
reprof however, are the following points: 

er bf 1, The JouRNAL page dimensions, 
of the} given in the above discussion of “Illus- 
trations,” must be taken into consid- 
should} eration in the planning of tabular col- 
natory} ynns and depths. 

infor} 2, All tables should be numbered 
€ pert consecutively in the order to which 
or, iff they are referred in the text. 

below} 3. Each table should be typed 
(double-spaced) on a separate sheet, 
type) giving the table number and its title, 
ely in} developed according to the same speci- 
red in} fications as given above for “Titles.” 
prac-} 4. If six or less footnotes are used, 
e des-} they should be referred to by the fol- 
lowing sequence of symbols: *, 7, £, §, 
,{. If more than six footnotes are 
wed, superscript numerals or letters 
should be substituted for the symbols. 


Footnotes 


Ordinarily, the text footnote is an 
unnecessary form of thought interpola- 
tion which constitutes an interruption 
of the reader’s train of thought and a 
make-up problem for the editor. Since 
itis JOURNAL practice to handle litera- 
ture citations by reference to a bibliog- 
raphy at the end of the article, at least 
9% per cent of the need for footnotes is 
diminated. Much of the other 5 per 
cent can be avoided by slight revisions 
of the text. And in the few cases 
where the use of a footnote is unavoid- 
able, the author should observe the 
strictest rules of brevity consistent with 
texth the subject. 


Text footnotes should be typed 
(double-spaced) on a separate sheet 
labeled “Footnotes,” and keyed to the 
text reference by a symbol or super- | 
script number or letter. 


OE, 
References 

All literature quoted, abstracted or 
referred to in an author’s discussion 
of his subject should be cited by source 


in a separate bibliography keyed to the © - 


pertinent portion of the text by num- 
ber. The literature thus cited should 
be listed in the order to which it is 
referred in the text—not alphabetically 
by author—and should be keyed in the 
text by numbers in parentheses, e.g., 
(1), (2), (3, 4), (5-7), ete. 

The bibliography should be typed 
(double-spaced) on a separate sheet, 
labeled “References,” as shown on the 
sample manuscript sheet, Fig. 1. For 
the various types of references, the — 
following data should be included: 

1. For books (Fig. 1, ref. 1-4), give 
author’s name complete; title of book 
(underlined) ; publisher's name and 
address ; edition if other than first and 
year of publication (in parentheses) ; 
and specific page number, if any. 

2. For periodicals (Fig. 1, ref. 5- 
8), give author’s name complete; title 
of article; name of publication ; volume 
number ; issue number, if paged within 
the issue (Fig. 1, ref. 8); page num- 
ber on which article begins; and year 
of publication (in parentheses). 

3. For reports (Fig. 1, ref. 9-11), 
give author’s name complete if in- 
cluded; section title, if any; title of 
report (underlined); name and ad- 
dress of issuing agency; year of pub- 
lication (in parentheses) ; and specific 
page number, if any. 

These are the basic data required, 
but the author should remember that 
he cannot give too complete informa- 
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tion concerning the sources of his ma- 
terial. Whatever facts will help the 
reader locate the literature cited should 
he included if there is any question con- 
cerning the form required for any spe- 
cific document. 


Abbreviations and Symbols 


Abbreviations and symbols are short 
cuts in writing which can save both the 
author and the reader time if used 
judiciously. For this reason, and be- 
cause they effect great savings in print- 
ing space, they should be used on 
every occasion in which confusion will 
not result. JoURNAL authors must re- 
member, however, that not all inter- 
ested readers will have an intimate 
knowledge of all fields on which the 
water works industry touches. What 
may be a common symbol to the hy- 
draulic engineer may mean little or 
nothing to the superintendent of puri- 
fication, though the latter may well be 
interested in an article on water ham- 


er. A most important rule is: When 
in doubt, spell it out! 

To extend the use of abbreviations 
nd symbols in technical writing, many 
rganizations have established stand- 
rds for their specific fields of interest. 
erhaps the most useful of these for 
he water works field is the “American 
standard Abbreviations for Scientific 
nd Engineering Terms” prepared and 
ublished by the American Standards 
\ssociation (10). From that docu- 
nent and other sources, the editorial 
taff has developed its own list of 
standard abbreviations for use in Jour- 
NAL articles (see page 485). These 
differ, basically, from the ASA abbre- 
viation in that they are followed by a 
eriod to indicate clearly that they are 


pbbreviations. Although not intended 
0 include all permissible abbreviations 
ind symbols, the list does cover the 
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most common words and terms in gen- 
eral water works usage. So far as it 
goes, it is to be considered the stand- 
ard for JouRNAL authors. When ad- 
ditional abbreviations or symbols are 
used, the author should include the 
spelled-out words or terms in conjunc- 
tion with their first occurrence in the 
manuscript. 


Other Style Requirements 


The foregoing discussion of style 
requirements has concerned itself with 
the major components of the JOURNAL 
article, primarily from the standpoint 
of mechanical specifications. At least 
of equal importance to the final product 
are those matters of style which per- 
tain to the internal structure of the 
discussion. Such considerations as 
sentence structure, punctuation, word 
choice and the general rules of com- 
position cannot, of course, be discussed 
in this context. Any good handbook 
of English will give detailed guidance 
in these matters. But a few key points 
of JouRNAL style which involve basic 
publication policy merit emphasis here. 


a 


Approach and Tone 


JOURNAL articles are intended pri- 
marily to be technical expositions, pre- 
senting information, data and ideas of 
interest and value to the water works 
field. To achieve the clearness, con- 
ciseness, completeness and accuracy 
that characterize any good technical 
article, the author must bear in mind 
the fact that the average reader will 
be a general water works man, not a 
high school student nor a specialist in 
the particular subject under discussion. 
He will be interested iri obtaining ac- 
curate information quickly, without 
delving through nonessential details. 
He will be seeking professional infor- 
mation, not a supply of anecdotes or 
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after-dinner stories. He will be inter- 
ested in what was done, not in who 
did it. 

In keeping with these requirements, 
it is of prime importance that the author 
employ an impersonal (third person) 
style throughout, crediting any contri- 
butions of associates or assistants in a 
formal acknowledgment at the end of 
the article. Likewise it is important 
that he keep faith with the reader by 
sticking to the subject at hand to the 
exclusion of extraneous topics or con- 
victions. 


Terminology 


Closely allied to the matter of tone 
in writing is that of terminology. The 
use of accurate up-to-date terms is a 
basic requisite for clarity. Current 
thinking rarely finds expression in ar- 
chaic terms. It is important, then, 
that the author familiarize himself with 
the latest concepts and terminology 
which relate to his subject before he 
presumes to inform his colleagues in 
the field concerning his own experi- 
ences or ideas. 

It is out of the question here to 
attempt any more detailed statement 
of JouRNAL terminology preferences 
than to indicate that the lead of Asso- 
ciation committees is followed in the 
various fields in which they are active 
and that the generally accepted author- 
itative manuals and handbooks, such 
as Standard Methods (11) and Ber- 
geys Manual (12), are used where 
they apply. What should be empha- 
sized, however, is JOURNAL practice 
in the use of trade or product names. 

Every author should remember, in 
reporting experience and experiment, 
that the description of equipment or 
materials in basic technical terms will 
give the reader much more precise and 
definitive information than reference to 
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some more or less well-known commer. 
cial designation. Whereas the reader 
will either be schooled in the generg 
technical language of the field or hay 
easy access to authoritative means tp 
interpret it, he may well be unawar 
of the peculiar properties of any par. 
ticular commercial product. The fag 
that the JoURNAL audience is not onh 
varied, but international, and the fag 
that readership is not only current 
but continuing, make it extremely im. 
portant that accurate and generally ae. 
cepted terminology be used through 
out. Credits or reference to specific 
commercial products can then be made 
in footnote explanations, if such men. 
tion seems valuable or desirable. 


Spelling and Numerals 


The basic rule for good spelling is 
to consult Webster’s New Interna 
tional Dictionary, which is the accepted 
standard for JouRNAL usage. Where 
latitude is permitted, however, Jour 
NAL practice has been to prefer the 
simpler forms. Thus, gage, sulfate 
and calking have been preferred to 
gauge, sulphate and caulking ; geologiy 
and hydrologic, to geological and hy. 
drological; formulas and indexes, ti 
formulae and indices. Such prefer: 
ences may best be determined by refer: 
ence to recent issues of the JOURNAL 

Closely allied to the matter of proper 
spelling is the proper employment 
numerals. Some basic rules are: 

1. Round numbers from one te 
twenty, when used in ordinary text 
should be spelled out; but when used 
in conjunction with other numbers or 
to designate specific quantities or id 


of measure, should be expressed i 
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numerals. 
2. Numerals of four or more digit Manus 
should be divided by commas, eg) The 
article: 


1,234” and “1,234,567.” 
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3, Decimal values below 1.0 should 
include the zero before the decimal 
point, €.g., “0.12.” 

4, Approximations should generally 
be expressed in words rather than in 
numerals, e.g., “about a thousand.” 


‘| Consistency 


The crux of all specifications for 
style is consistency—consistency in 
outline, in phraseology, in terminology, 
in presentation of data—internal con- 
sistency from the smallest unit to the 
article as a whole. Nothing is more 
vital to the achievement of clarity of 
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expression than consistency of expres- 
sion. Nothing is more effective in 
focusing the reader’s attention on what 
is meant, rather than on what is said. 
Consistency and unity foster concen- 
tration, and, through it, understanding. 

Helpful in attaining consistency is 
the practice of soliciting outside criti- 
cism of the first drafts of a paper. But 
every author will do well to give his 
manuscript a final critical review be- 
fore submitting it for publication, with 
a view toward eliminating the minor 
inconsistencies that cannot help but 
creep into any original piece of writing. 


Publication Procedures 


The publication process is one that 
requires co-operation at every stage. 
The efforts of the author, the editor 


sjand the printer, and frequently the 
-| draftsman and engraver as well, must 
ij be co-ordinated efficiently and effec- 


tively to produce, in the time allotted 


+ by the publication schedule, an article 


that is readable, understandable and 
attractive in appearance. Although the 
editor assumes the responsibility for 


if achieving the over-all co-ordination 


and timing, he cannot be successful 


junless the author fully understands his 


part in the process, and, understand- 


ying it, properly fulfills his obligations. 


To acquaint JouRNAL authors with 
the procedures involved in the publica- 
tion of an article—from manuscript to 
JoURNAL page—there is presented be- 
low a brief discussion of the process, 
step by step, in which the various 
rights and duties of the author are out- 


su 


Manuscript Submittal _ 


The JourNAL includes two type of 
articles: papers presented at Associa- 


tion section meetings and general con- 
ventions, and contributions by authori- 
ties in the field. Both have an equal 
claim to JOURNAL space, based pri- 
marily on the particular merits of the 
manuscript submitted. Each has its 
own submittal requirements. 

Papers presented at A.W.W.A. 
meetings are primarily the property of 
the Association, so far as publication 
rights are concerned. The original 
manuscripts, together with all illustra- 
tive material, should be turned over to 
the officiating section or Association 
secretary at the end of the particular 
session at which it was presented. If 
immediate release to that officer is for 
any reason impractical, arrangements 
should be made at that time for its 
early transmittal to headquarters. 

Contributed articles should be for- 
warded direct to the JourNat Editor, 
preferably in duplicate. With the orig- 
inal manuscript should be included a 
letter of transmittal and any authoriza- 
tion required by the author’s employer 
or by any organization having prior 
publication rights. 

All articles properly submitted are 
reviewed at Association headquarters 
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as promptly as possible and either 
scheduled for publication, returned for 
revision or rejected. Rejected contri- 
butions are returned immediately to 
the authors. Unless special attention 
is requested, however, rejected section 
or convention papers are held in the 
Association files for reference approxi- 
mately a year before being returned 
to their authors. 
Editing on 

Approximately two months before 
an article is scheduled to appear in the 
JoURNAL, the original manuscript, to- 
_ gether with the preliminary recom- 
mendations of the reviewers, is handed 
to the editor who must prepare it for 
publication. The editor’s job is a 
three-fold one. He must review the 
manuscript for sense; he must review 
it for consistency of detail ; and, finally, 
_ he must review it for typographic plan- 
ning. Although these functions over- 
lap considerably, they may best be 
considered separately. 

In reviewing for sense, the editor 
assumes the viewpoint of the informed 
_ JOURNAL reader and endeavors to make 
_ such changes as will improve the or- 
- ganization, the clarity, the conciseness, 
the completeness and the accuracy of 
the discussion. He usually follows the 
recommendations of the reviewers in 
_ regard to subject matter and questions 
any statements or data which require 
clarification or explanation by the au- 
thor. It is at this stage too that repe- 
titious and extraneous material is de- 
leted. 
In reviewing for consistency, the ed- 
itor must ascertain that terminology, 
abbreviations, symbols, reference data, 
numerals, and similar details are con- 
sistent within the article and are con- 
sistent with JoURNAL standards where 
they apply. He makes such changes 


in detail as are dictated by Journar 
style preferences and by the genera] 
specifications for good technical writ- 
ing. 

In reviewing for typographic plan- 
ning, he marks in all typesetting in. 
structions required by the printer, de- 
termines the style of subheads, specifies 
the number and size of illustrations 
desirable, recasts tabular material as 
required and estimates the number of 
JoURNAL pages required. 

If a paper is well written and if the 
manuscript has been properly prepared, 
the editor’s job is an easy one and the 
author will find relatively few mark- 
ings on the manuscript beyond the 
necessary typographic instructions, 
The well-prepared manuscript also 
gives the editor additional opportunity 
and incentive to consider the finer 
points of styling in his general review, 
But rarely, if ever, does a paper go 
through the editing process untouched, 
and rarely does an author find his 
work “‘disimproved” thereby. 


From one to two weeks after he has 
been advised of the scheduled publica- 
tion of his paper, the author receives 
galley proofs of the article together 
with his original manuscript. It is at 
this point that his co-operation is of 
maximum importance. The close pro- 
duction schedule on which each issue 


Proofreading 


of the JouRNAL must be assembled} 


makes it imperative that proofs be 
checked and returned within 48 hours 
of receipt. The fundamental impor- 
tance of accuracy makes it imperative 
that proofs be checked carefully and 
thoroughly. To satisfy both these re- 
quirements, it is necessary that the 
author plan to devote a considerable 
amount of time to the task out of his 
immediate schedule. If time does not 
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rit a prompt check, the author 
hould immediately notify the editor of 
hat fact to permit revision of publica- 
ion plans, rather than hazard a slip- 
lan- shod job. Accuracy is almost always 
in- Jyore important than early publication. 
de-| The author’s job of proofreading 
ifies Involves two functions. Of these, the 
ions peneral review of the article from be- 
| as pinning to end is of lesser importance, 
r of for that is a task that can usually be 
fetter done in the editor’s proofread- 
the ng. But of first importance is the 
red, fetailed checking of facts and figures, 
the hich must remain the responsibility 
ark- }f the author. 
the} A proper proofreading for accuracy 
ons. hf detail must include the following: 
also} 1, A check of all factual material— 
nity bles, design data, production figures, 
iner fates, names, references, etc.—against 
ieW. fhe original manuscript. 
2 A check of all editor’s changes 
hed, fn the manuscript to ascertain preser- 
his fation of the author’s original meaning. 
3. A check of, and reply to, all 
itor’s queries (written in red in the 
anuscript margin). 
hash 4. A check of all cross-references— 
) bibliography, tables and illustrations 
to ascertain correspondence. (It 
therBiould be pointed out here that illus- 
ation references will have to be 
S Of fhecked by title only, since the pro- 
iction schedule does not permit for- 
Ssu€Garding of engraving proofs. Re- 
bled ponsibility for the accuracy of illus- 
| befations is therefore assumed by the 
Hitors. ) 
Fin making the above checks, the 
itiv€fithor must bear in mind certain fac- 
and brs, perhaps foremost among which 
the realization that, although both 
theBe perfectionists, neither editors nor 
able jpesetters profess to be perfect. The 
 hisbst typesetter can press the wrong 
 Notey, particularly if he is dealing with 
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a poorly prepared manuscript. 
best editor can make the wrong inter- 
pretation, particularly if the subject 
matter is unfamiliar to him. And it is 
the author who must protect the orig- 
inal accuracy of his paper. 

In checking editorial changes, the 
author must consider, too, the editor’s 
purpose in making the change. Where 
style enters in, JOURNAL preference 
may dictate a change despite the fact 
that the original statement is in itself 
correct. Where material has been de- 
leted, it may be because it is repeti- 
tious of some other JOURNAL article. 
Where meaning is confused by a 
change, it may well be because the 
original statement was not clear. 
Nothing is accomplished by an author’s 
arbitrary insistence that his original 
form be restored ; editorial changes are 
sometimes incorrect, but they are never 
pointless. Co-operation and compro- 
mise are the key to an improved pres- 
entation. 


Reprints 


Many authors are interested in ob- 
taining additional copies of their arti- 
cles for various personal or business 
purposes. Since production of reprints 
is most economical when handled in 
conjunction with the printing of the 
JOURNAL, it is important that orders 
be placed before the JoURNAL goes to 
press. 

To give authors an opportunity to 
take advantage of these low-cost re- 
prints, order forms are enclosed with 
each set of galley proofs. Although 
these forms are self-explanatory, the 
following points require emphasis : 

1. If reprints are desired, the prop- 
erly executed form should be forwarded 
to Association headquarters together 
with the galley proofs. 

2. If there is some question regard- 
ing the specific number or type of re- 
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prints desired, notification of intention 
to order should be forwarded with the 
galley proofs. This will permit the 
editors to forestall destruction of the 
type until the question has been re- 
solved. 

3. If the article is a symposium, or 
if it includes discussions by other au- 
thors, the order must state whether the 
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lems in transforming the typewritte i F 
manuscript into the printed article, ¢ 
become mutual problems, open to gf i6. S 
operative solution. 
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assum 
fy The Oral Presentation per pe 
All of the considerations involved in as long as fresh information 1s fort 
the development of a good JouRNAL coming in clear, hearable language. 
article hold true also for the prepara- Shut up! A speech is over when i pa 
tion of a good speech, but ina number point has been made. Garrulousne oni 
idera 
of instances the emphasis changes. and garnish merely serve to bury 
Particularly is this true where the fac- confuse the issue. Noe 
tors of timing and illustration are con- Primarily the rules of good spea on 
cerned. Clearness and conciseness in ing should be self-evident to anyo he 
su 
speaking outweigh all the other re- who has been a member of an audience th 
quirements of proper presentation. but certain rules of timing and illus ‘mil 
And added to the basic rules of good _ tration merit discussion in this context 7 
writing must be three fundamentals of ae 
effective speaking : ‘ 
Stand up! An audience pays more Listener interest, however ill on 
attention to a visible source of speech. a limited endurance; it cannot co ta 
Speak up! An audience is assem- pete with reader interest in stamin tall 
bled to obtain information on an an- Thus, it is important in speaking 3 je 
JT 


nounced subject. It will be attentive get to the point early, to discuss t 
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. of point clearly and concisely and then to 
stop. If the subject is technical, re- 
- quiring length for completeness or ex- 
tensive detail for thoroughness, it will 
he well to discuss only over-all meth- 
ods, results, interpretations and con- 
cusions in the oral presentation and 
to submit a separate full report for 
publicat ion. 

Listener interest is limited too by 
the ability of the audience to keep pace 
| with the speaker. Thus rate of speech, 
as well as length of speech, has an im- 
}portant bearing not only on attentive- 
ness but on the capacity for assimila- 
tion. 

Studies of audience reaction have 

indicated that a reading or speaking 
rate of approximately 120 words per 
minute is most effective in retaining 
listener interest. Similarly it has been 
found that the average audience sat- 
wration point is reached in twenty min- 
utes. On this basis, then, it can be 
assumed that, to be most effective, a 
speech should be limited to ten or less 
manuscript pages of text and should 
he read at rate of about two minutes 
r page. 
Final consideration of timing is that 
if courtesy—to those who arranged the 
rogram, to the audience and to the 
ther speakers. It is patently incon- 
iderate and unco-operative to ignore 
he program schedule. Not only does 
treflect on the judgment of those who 
letermined the amount of time which 
he subject merited, but it deprives 
ther speakers of their allotted time. 
imilarly it is discourteous to place 
ess value on the time or acuteness of 
he audience than did the program 
ommittee in scheduling the presenta- 
on. And it must always be remem- 
red that an audience once driven to 
xhaustion or boredom will be difficult 
or other speakers to rouse, regardless 
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of the intensity of its basic interest in 
the subject discussed. 

All these factors have been discussed 
in detail by many authors from many 
points of view. Some of the most per- 
tinent literature is cited in references 
13 through 16 of the foregoing manual. 


Illustration 


Since lantern slides constitute the 
only really practicable method of illus- 
trating the oral presentation of most 
water works subjects, it is important 
that speakers familiarize themselves 
with their various characteristics and 
limitations before contemplating their 
use. And, in doing so, perhaps the 
wisest approach will be a negative one. 

Good lantern slides are difficult to 
prepare and difficult to use effectively. 
Unless they make their point imme- 
diately apparent, they merely distract 
and detract from the presentation. 
The confusion which usually attends 
their projection interrupts the speak- 
er’s delivery. The darkness required 
for their showing is conducive to sleep 
on the part of the audience and to eye 
strain or stumbling on the part of the 
speaker. And the entire process, un- 
less rehearsed to perfection, involves a 
deplorable waste of valuable time. 

If, despite these drawbacks, the 
speaker feels that his subject requires 
graphic presentation, he should by all 
means limit the number of illustrations 
used, ascertain both their pertinence 
and their clarity, and then have the 
actual slides prepared professionally. 
And in developing the illustrative ma- 
terial, he should also consider these 
factors : 

1. Only such illustrations as add to 
the presentation by denoting graphi- 
cally concepts or data difficult of verbal 
description should be used. Photo- 
graphs or simple drawings showing 
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space relationships make the best illus- 
trations. Graphs presenting compli- 
cated technical data and requiring 
elaborate explanations merely serve to 
confuse the listener. Tabular material 
makes the audience read when it should 
be listening. 

2. Original charts and photographs 
must be planned and developed to the 
dimensions of a standard size slide, 
and all should be made to fit a single 
slide size. The two standard sizes 
used are 3} X 4 in., with a picture 
area of about 2} X 3 in., and 2 X 2 in., 
which takes 35-mm. film. Both types 
of projectors are usually available, but 
the speaker should check carefully with 
the program committee to determine 
the type of equipment available before 
going ahead with his plans. Then he 
should plan his illustrations to fit one 
type of equipment to avoid the added 
confusion attending the use of two 
machines. Original material is usually 
prepared to three times the size of the 
slide, but considerations too numerous 
to discuss here affect this relationship. 
Before going ahead, the speaker should 
consult either a good set of specifica- 
tions on the subject, such as those 
listed in references 17 through 19 of 
the foregoing manual, or discuss the 
requirements with the photographic 
shop which will make the slides. 

3. When the slides have been deliv- 
ered, they should be checked carefully 
against the original material and then 
numbered and labeled clearly and 
keyed to the speech. 

4. Before the presentation is sched- 
uled, the author should arrange to 
discuss the projection schedule with 
the operator assigned. Only if the 
operator has been given detailed in- 
structions can he be expected to co- 
operate in making the presentation 
successful. 
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The Speech and the Article rv 


As has been suggested, the inherep 
differences between the listening an 
the reading audience make it desirahj 
for the author to use a slightly differ, 
ent approach in presenting his subjec 
to each. Most often this can be ae. 
complished by a judicious pruning 9; 
rearrangement of the finished publica 
tion manuscript for the oral presenta. 
tion. It is often difficult to do this ex. 
temporaneously, but it will require 
great effort to prepare a reading cop 
by the use of a pair of scissors an 
some paste. In adapting the occasiong 
detailed technical manuscript whid 
does not lend itself to such treatmen 
the author will do well to prepare 4 
separate simplified discussion for pres! 
entation before an audience. 

If illustrations are used in the o 
presentation, the author must remem 
ber that the requirements for lante 
slides and those for JOURNAL engray 
ings also vary. Where the listene 
can only look at, the reader can study 
an illustration, so that much more u 
can be made of the graphic techniquj 
in the article than in the speech. 

Finally, it should be pointed out the 
the publication manuscript can_ bot 
gain and lose by its close associatio 
with the speech. If the manuserig 
can be infused with certain of the eld 
ments of simplicity and brevity t 
should be present in the oral presente 
tion, the published article will uw 
doubtedly gain in clarity and readabi 
ity. On the other hand, if the man 
script is thereby cluttered with 
informalities and allusions of the per 
sonal approach required in the speeci 
the article cannot but lose in both cla 
ity and tone. The distinction betwe 
author and speaker is a fine one, buta 
important one to make if both artic 
and speech are to be of equal qualit 
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Abstracts of Water Works Literature 


Key: In the reference to the publication i in which the abstracted article appears, 34: 412 


(Mar. '42) indicates volume 34, page 412, issue dated March 1942. 


If the publication i is paged 


by the issue, 34: 3: 56 (Mar. 42) indicates volume 34, number 3, page 56, issue dated March 


1942. 


Initials following an abstract indicate reproduction, by permission, from periodicals, as 
} follows: B.H.—-Bulletin of Hygiene (British); C.A.—Chemical Abstracts; P.H.E.A.—Public 


Health Engineering Abstracts; W.P.R.—Water Pollution Research (British); I.M.—Institute of 


Metals (British). 


Chemical Treatment of Water—Are Public 
Fears Justified? Norman J. Howarp. 
Wtr. & Sew. 84:3:26 (Mar. °46). Popular 
prejudice regarding addn. of chemicals to 
water since inception, but no evidence that 
those used detrimental to health. Early 
fears of As content of alum, and even increase 
in cancer rate attributed to alum. Similarly, 
early controversy regarding CuSO, Actu- 
ally, little residual Cu, but even Cu equiv. of 
| ppm. CuSO, would be much less than thera- 
peutic dose daily. Numerous objections to 
chlorination but only one sustained that of 
taste, for which correctives available. Addn. 
of iodides for goiter prevention long considered 
uneconomical and inadvisable. Fluorination 
being exptd. with for prevention of dental 
caries. Application of 1 ppm. F as NaF to 
Toronto’s 90-mgd. supply would cost $257 
per day for chem. alone, and much of .NaF so 
applied would be wasted. Topical applica- 
tion appears promising. Education and pub- 


licity best means of overcoming public 
prejudice. —R. E. Thompson. 

Electrical Water Purification. Results of 
Tests at the State University of Iowa. Elec- 
trician (Br.), 180:419 (’43). Ions may be re- 
moved from water by electro-osmosis. Water 


to be treated placed in central compartment 
of cell; ions pass through diaphragms into 
adjoining compartments of cell, which contain 
anode and cathode poles. Water in anode 
and cathode compartments removed by wash 
water which is allowed to flow in at slow rate. 
10 such cells are used side by side. At Univ. 
of lowa, studies made on effects of rates of 


flow of wash water and feed water, of method 
of connecting cells to bus bars, of use of water 
from cathode compartments as feed water, 
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with and without addn. of CO, to water, and 
of use of water from cathode compartments 
as feed water in conjunction with use of wash 
water which had been softened by passage 
through zeolite. Qual. of treated water same 
whether feed water was tap water or water 
which had been softened by passage through 
zeolite. Treated water contained 2-3 ppm. 
eléctrolytes and 9.5 ppm. silica. Little or no 
silica removed by treatment. Water from 
cathode compartments must not be mixed 
with tap water in app. unless latter softened; 
otherwise ppts. will form by reaction between 
hydroxide in water from cathode compart- 
ment and bicarbonate in tap water. Con- 
cluded that water contg. less than 15 ppm. 
solid matter can be obtained from tap water 
contg. 725 ppm. solid matter. Water of 
desired qual. not obtained during first hour in 
which app. in operation. Water from cathode 
compartments could be used in industry in 
any process where lime water used. Water 
from anode compartment could be used for 
bleaching and for disinfection.—-W.P.R 


Desalting Sea Water—A Practical Chemical 
Method. H. L. Ticrer, S. Sussman, M. 
LANE & V. J. CALISE. Ind. Eng. Chem. 

Anal. Ed., 38:1130 ('46). Desalting  bri- 
quettes contain Ag zeolite and Ag,O which 
remove Na, Ca, Mg, and Cl. Sulfate reduc- 
tion, where required, accomplished with Ba- 
(OH)2.8H,0. Briquettes also contain acti- 
vated charcoal to remove taste (arising from 
plasticizer in Vinylite resin desalting bag), 
stearic acid to act as internal lubricant for bri- 
quetting process, and bentonite clay to dis- 
rupt briquette when in contact with sea water. 
6 briquettes, packed with Vinylite desalting 
bag which includes filter, occupied space of 
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0.7 pint of HO, and produced 6 pints of 
drinkable H,O. High-capac. Ag zeolite 
prepd. from hydrated Na aluminosilicate gel 
which had been partially dried under carefully 
controlled conditions. Na zeolite converted 
to Ag zeolite by treatment with slight excess 
of 0.6 N AgNO;. Capac. of Ag zeolite detd. 
by adding to 6.23 g. of exchanger ( —60 +80 
mesh) in 4-0z. bottle 50 ml. of std. sea water 
contg. following nos. of milliequivs. per I.: 
Na, 431; Mg, 96; Ca, 17; chloride, 495; 
sulfate, 47; bicarbonate, 2. After agitation 
for 30 min. mixt. filtered and Cl content of 
filtrate detd. Comparison with std. curve 
gave amt. of zeolite required to reduce Cl 
concn. to 40 mE/I.—C.A. 


Potable Water [obtained] by Freezing Sea 


Water. EuseBio VACINO & BRUNO VISIN- 
TIN. Ann. chim. applicata ([t.), 35:181 
(45). Plant described for freezing sea water 


in small crystals. Ice drained and centri- 
fuged, then melted to give water contg. less 
than 0.1 g. Cl- per 1. Sea water and potable 
water obtained contained, resp., dry residue 
38.63, 0.193%; total hardness (in French deg.) 
730, 2.5; Ci- 21.3, 0.095%: SO,-- 3.Q%, 
0.007%; Catt 0.49%, trace; MgO** 1.41%, 
trace; elec. cond. at 18° 0.04723, 0.000321.— 
GA. 


Chemical Process for Production of Potable 
Water From Nonpotable Saline Waters. 
Sunshine Mining Co. Br. 570,670 (July 17, 
45). Potable water produced from sea water 
by dispersing in sea water AgxO or AgeCO; to 
effect reactions with NaCl and MgCl. in sea 
water with resulting formation of ppts. of 
AgCl and Mg(OH): and leaving NaOH in 
water when Ag,O was used or Na2CO; when 
AgeCO; was used. Formed ppts. then sepd. 
and there is added to water weak org. acid, 
as citric acid, capable of reacting with either 
NaOH or Na2CO; to form nontoxic Na salt 
of acid.—C.A. 


_ Softening Sea Water. F. G. PRoKHOROV & 
Kk. A. YANKovskil. U.S.S.R. 64,446 (Feb. 
_ 28, °45). To soften sea water for use as feed 

water, filtered through bed of sulfonated coal. 
Filtering medium regenerated by passing 
_ through it boiler conc. or blowdown.—C.A. 


_ Use of Bone to Remove Fluoride Ion From 
Water. Howarp V. SMITH & MARGARET 
C. Smiru. U.S. 2,380,800 (July 31, '45). 


Bone, freed from fat and most of protein ma- 
terial by boiling in water, crushed and boiled 
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with alkali until it has lost its flinty character. 
istics and become chalky in appearance, fy, 
cess alkali then washed out with water ang 
last traces neutralized with acid. Bone fj 
than 40-60 mesh not recommended for use j 
filters because of slowness of penetration 
Calcining prepared bone for about 10 min, 
approx. 600° increases its wettability and pre. 
vents troublesome putrefaction. Regenera. 
tive treatment similar to that used for initial 
prepn. except that boiling in alkali not neces. 
sary if time of contact sufficiently long, 
Exptl. data showing deg. of removal of fluo. 
ride ions from 500 ml. samples of water ip. 
cluded.—C.A. 


Variety of Treatment Methods Utilized by 
French Water Company. M. N. Baxeg. 
Eng. News-Record, 137:380 ('46). The 
Compagnie générale des eaux serves no. of 
areas, including suburbs of Paris and Lyons, 
Nice and the Riviera, sources of supply being 
deep wells and rivers. Methods of treatment 
include 2-stage slow sand filtration (open sand 
beds), chlorination and ozonization. At sub- 
urban Paris plant, rate of filtration for com- 
bined area as high as 6 mil.gals./acre/day, 
while at Nice rate is 8.5. At former, alum to 
form thin layer of floc on cleaned filters and 
CuSQ, to prevent algal growths applied be- 
tween 2 stages. Filters cleaned mechanically 
with “Sivade selecteurs,’’ which isolate suc- 
cessive areas of sand bed for scouring to full 
depth by water jets, dirty water being re- 
moved by suction.—C.A. 


A Highly Mobile Complete Water Purifica- 
tion Plant. Anon. Wtr. and Wir. Eng. 
(Br.) 49:459 (Aug. '46). There has been 
placed on market ingenious gasoline engine- 
driven complete purification plant mounted 
on “trailer.’’ Widely used in war by British 
Plant capable of treating up to 50 


army. 
gpm.(Imp.). Chloramine process used for 
sterilization. Filtering medium used is kiesel- 
guhr. Filtration effected by candles made of 


closely meshed gauze on which kieselguhr, 
mixed with water, deposited. 2-cylinder air- 
cooled gasoline engine used. Pump _ has 
capac. of 50 gpm.(Imp.) against 100 psi. 
Filter unit consists of 2 cylindrical shells each 
containing 19 filter candles. Filter powder 
pre-treatment unit combined with sterilizing 
unit, and consists of self-acting water engine 
operated by water pressure, driving two ram 
pumps, one for injecting ammonium-sulfate 
solution and filter powder suspension, and 
other for chlorine solution. Normal dose of 
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chloramine is about 2 ppm. in proportion o 
{"part ammonia to 4 of chlorine.—H. E. 


Babbitt. 


Purification of a Tropical Water Supply. 
The Weija Waterworks of Accra [Gold 
Coast] Water Supply. J. S. DuNN. Wer. 
and Wtr. Eng. (Br.) 48:659 (Dec. ’45).  Weija 
waterworks, which supply city of Accra, seat 
of Govt. of Gold Coast and Ashanti, situated 
{0 mi. from town on River Densu. In dry 
gason raw water in fairly good condition for 
treatment, though even then 50-70 ppm. of 
alum necessary before flocculation of finely 
divided, whitish clay in suspension takes 
place. In wet season conditions different; 
raw water thick, brown, and turbid, and is 
mixed with large vols. of swamp water drain- 
ing from plains. Swamps are noisome masses 
of rotting tropical vegetation. When mixed 
with river water result resembles strong 
milked tea. Bacteriological condition of raw 
water always bad. Raw water usually has 
some smell; nauseating when large volumes of 
swamp water present. Works begun in '09 
and supply of partially filtered water available 
in 14. Plant consisted of system of Puech- 
Chabel dégrossisseurs and pre-filters, effluent 
fom which passed to slow sand filters. In 
‘15, 2 large, low level storage reservoirs con- 
structed at base of hill and filled by low-lift 
pumps from river. Lime added to raw water 
as it passed to reservoirs. Usual dose of lime 
necessary to leave excess of 30 ppm. is 110 to 
10 ppm. Lime-treated water stands in 
reservoir 3-4 weeks before being pumped to 
service. Water becomes almost crystal clear 
and of greenish-blue color. Excess of 30 
ppm. lime may seem high working figure but 
experience has shown that if less used much 
trouble experienced due to luxuriant growth 
of algae. High-lift pumps convey lime- 
treated water to two reservoirs at summit of 
hill, water passing No.1 dégrossisseur, pre- 
filters, and soon. Rates of filtration through 
various dégrossisseurs, pre- and final filters, 
as follows: Dégrossisseur No. 1, 300 in. per 
hr.; No. 2, 200 in. per hr.; No. 3, 150 in. per 
hr; No. 4, 100 in. per hr.; pre-filters, 30 in. 
per hr.; and final filters, 7 in. per hr. To find 
dose of aluminum sulfate required by raw 
water series of qt. bottles filled with water. 
Gradually increasing amounts of 10% solution 
of aluminum sulfate added. First bottle 
which shows good flocculation on 10 min. is 
taken as giving required dose. 10% alu- 
minum sulfate solution is first mixed in one 
tank. Soln. flows from mixing tank to 
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concrete storage tank, and 
thence to  constant-level, float-controlled 
tanks. Alumina-treated water is acid in 
reaction, pH about 6.0. Lime-treated and 
alumina-treated waters at first mixed in pro- 
portions of 57% and 43%, resp. Effluent pH 
was 8.5, leaving water slightly supersatd. 
with regard to calcium carbonate. In ’38, 
consumption creeping up, decided to double 
capacity of works and bring to 2 mgd.(Imp.). 
In less than 3 yr. consumption exceeded this. 
Although final effluent almost invariably free 
from coliform organisms, early decided to use 
chlorination as additional safeguard. Hypo- 
chlorite soln. still used supplemented by a 
chloronome. Chloronome adds 0.25 ppm. of 
chlorine, total dose used being 1 ppm. Am- 
monia-chlorine process just been started and 
results awaited. Final slow sand filters effect 
3% improvement on raw water quality as 
compared with pre-filters, and chloriration 
effects further 3%. Final water’ invariably 
free from taste and smell, though very oc- 
casionally slight “‘froggy”’ taste present. No 
attempt made to deal with it. Greatest care 
necessary in interpreting results of bacteri- 
ological examn. if tropical supply not to be 
unnecessarily condemned and needless ex- 
pense and alarm caused. Over-all costs of 
water treatment were, pre-war, ls. 8.28d 
per 1000 gal. (Imp.).—H. E. Babbitt. 


bitumen-lined 


Dissolved Oxygen in Feed Water Indicated 


by Electron Ray. J. M. Decker. Power 
Plant Eng., 50:12:114 ('46). Development 
of methods for detn. of D.O. (preferable 


method uses electron-ray endpoint indicator 
in place of starch iodine) traced and a cabinet 
described for protection and arrangement of 
equip. to facilitate its use in power plants.— 


C.A. 


Rendering Marine Waters Potable. L. GRuN- 
BERG & A. H. Nissan. J. Soc. Chem. Ind. 
(Br.), 65: 348 ('46). Lab. expts. for the re- 
moval of various ions, on artificial sea water 
contg. 35 g. of total solids per |. (the avg. amt. 
in natural sea water), described. Sulfate ions 
removed with Sr chloride and oxide. Chlo- 
rides and Mg removed with Ag,O. Na ion 
decreased by means of hydrated uranium tri- 
oxide. Remaining alky., NaOH, neutralized 
with citric acid.—C.A. 


How Activated Carbon Is Used in Water 
Purification. Pub. Wks., 77:24 (Sept. °46). 
A review of data on questionnaires returned 


from 536 cities. Varying data on usage, 
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dosage and pt. of application make summary 
difficult —P. H.E.A. 


Water Purification With Bentonite. H. L. 

Ovttn & E. M. Myers. Paper Trade J. 120: 
10: 46 (’45). Pilot-plant and full-scale tests 
reported with tabular data. ‘‘Split treat- 
ment” in which bentonite fortified with small 
amt. of alum when needed utilized and 
considered to be satisfactory. Believed that 
bentonite water clarification has passed pri- 
mary research stage and that it has demon- 
strated its applicability and value in treat- 
ment of numerous types of water showing 
promise of lowering cost of chem. dosage.— 


Up-Flow Neutralization of Acid Wastes. 
Harry W. Geum. Chem. & Met. Eng. 51: 
10: 124 ('44). Reviews data previously pub- 
lished and develops tentative design and 
operating technic. At influent end, to obtain 
waste with mineral acidity of 10,000 ppm. (as 
CaCO;), equalizing tank should be provided 
into which waste coming from plant dischgd. 
Pump to provide diln. water must be avail- 
able. Pump used to apply waste to bed 
should be capable of passing liquid through at 
rate of 20-100 gpm. per sq.ft. of bed area. 
All equip. on acid side should be of acid- 


Present Status of Water Treatment. A. E. 
BerrRY. Wtr. & Sew. 84:3:17 (Mar. ’46). 
Canadian practice reviewed. About 10% of 
1300 public supplies filtered. Slow sand 
plants number 12—no new ones in recent yrs. 
Pressure filters seldom installed except for 


very small supplies. Chlorination almost 
universal. Alum as coagulant at all plants, 
with mech. or spiral-flow mixing. Filter 


medium usually sand but use of anthrafilt 


extending. Underdrains chiefly perforated 
pipe type. Air-water wash widely employed. 
Trend toward surface washing. Only 4 


water-softening plants, 3 of base exchange 
type. ClO, for taste control at several plants. 
Tabulation of water treatment costs per mil. 
gal. and per capita for '44 included.—R. E. 
Thompson. 


Why Chlorination of Vancouver [ B.C. |] Water 
Has Been Discontinued. E. A. CLEVELAND. 
Wtr. & Sew. 84:6:20 (June '46). Greater 
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resisting material. Distr. and support plate 
for limestone can be selected on basis of pres. 
ence of suspended solids in waste, their size 
and character. Sufficient freeboard must be 
allowed in column contg. limestone to prevent 
carryover when stone expanded by waste 
flow. Advisable to allow 100% freeboard 
over bed level. Overflow weir and effluen 
piping must be made of sufficient size to per. 
mit free dischg. of max. flow of neutralized 
waste. If possible, fall or cascade of effluent 
will allow partial escape of CO: from treated 
waste, resulting in considerable pH rise. 
Provision for obtaining continuous representa. 
tive samples of bed effluent prior to cascading 
should be provided. Enclosure of upper sec. 
tion of column necessary when indoor installa- 
tions made, because large quants. of COs re. 
leased constitute a hazard. Dissolved lime. 
stone can be replaced by screw conveyor ar- 
ranged to operate in conjunction with pH 
recorder. Proposed design of upflow ney. 
tralizing bed, capable of handling 100,000 
gpd. of nitrocellulose waste contg. 10,000- 
15,000 ppm. mineral acidity, illustrated, 
Operating costs should be lower than for pre. 
viously conceived devices, only operation 
outside of checkup on each shift being that in 
connection with supplying hopper with fresh 


stone. Cost of stone low.—C.A. 
4 
4] 
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Vancouver Water Dist., which supplies wate 
in bulk to 8 municipalities, has derived it 
supply for more than 50 yr. from Capilano 
Seymour and Coquitlam Rivers, watershed 
above and large areas below intakes bein 
entirely owned and carefully patrolled to pre 
vent access and contamination by huma 
beings. Water of exceptional chem. purity 
soft and palatable. By agreement wit 
Dom. Govt., 4 chlorination plants placed i 
operation late in 43 as war measure, installa 
tion and operating costs of $90,000 an 
$33,000 per annum, resp., being borne by 
govt. Reports on quality of supply by N. J. 
Howard, R. F. Goudey, W. H. Kellogg and 
R. G. Tyler quoted. Gist of reports that 
freedom from possibility of human contamina: 
tion and absence of typhoid or other water 
borne intestinal disease over long period of 
yr. (final criterion of safe water supply) ren- 
ders chlorination unnecessary. Unfavorable 
reports were based upon lactose-fermentation 
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tests only. Lactose-fermenting orgs. be- 
lieved to be of animal origin and higher inci- 
dence in distributed water due to pipeline 
growths. Interesting discussions of signifi- 
cance of presence of lactose-fermenting orgs. 
when human contamination excluded.—R. E. 


Thompson. 
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Water Treatment Plant and New Wells Will 
Improve Water Quality at Cochrane [ Ont. ]. 
E. E. W. Oke. Eng. Cont. Rec. 59:3:110 
(Mar. '46). Water supply derived from 2 
wells and contains considerable amts. of Fe 
and CO,.. New wells being drilled and 1-mgd. 
treatment will be installed providing aeration 
(coke trays), softening to 100 ppm. hardness, 
and chlorination.—R. E. Thompson. 


Five Mile Surface Pipe Line Supplies St. 
Catharine’s [Ont.] While New Feeders are 
Built) A. L. Eng. Cont. Rec. 
§9:3:100 (Mar. 46). In 1878, 65-acre reser- 
voir at el. 60’ above city created by bldg. dam 
on Beaver Dams Creek just upstream from 
DeCew Falls, providing gravity pressure of 
65-70 psi. As watershed now inadequate, 
water diverted from Welland Ship Canal to 
reservoir through 14,000’ open channel and 
thence to filter plant. Original 16” c-i. main 
to city, capac. 2.5 mgd., still in service. In 
‘13, second feeder constructed consisting of 
tunnel to face of escarpment and 24” c-i. main 
15,000’ to city. Tunnel, 60’ below ground 
level and passing under fore-bay of DeCew 
Falls Power House, is through limestone, un- 
lined, and varies in cross-section from 4’ 9”” x 
4' 6” to 7’ X 6’ 6”. Owing to development 
of small leaks, two 24” Class 50 Transite 
pipes being laid in tunnel, one to connect with 
existing 24”’ c-i. main and other with similar 
new main. Pipe for latter used in temporary 
surface line to supply city during constr. 
Filter plant, constructed in ’26, consists of 2 
coagulation basins (1} hr. retention), 6 rapid 
sand filters of 2-mgd. (U.S.) capac. each, 
5-mil.gal. filtered water reservoir, and chlori- 
nator. Alum used as coagulant, filter runs 
avg. 19 hrs. and Cl dosage 0.35 ppm. Con- 
sumption 3 to 8 and avgs. 6 mgd.—R. E. 
Thompson. 


Milestones in Chlorination of Toronto [ Ont. ] 
Water Supply. Norman J. Howarp. Eng. 
Cont. Rec. 59:3:64 (Mar. ’46). As result of 
typhoid epidemic, treatment with chloride of 
lime adopted in '11. Slow sand filter plant 
placed in operation following yr., drifting 
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sand plant in '18, and rapid sand plant in ’41. 
In Leavitt-Jackson app. for direct appli- 
cation of gaseous Cl found unsatisfactory, 
and since '17 soln. feed chlorinators employed, — 
25 machines of capac. up to 2200 Ib. per day _ 
now being in service. Super-chlorination (up 
to 4 ppm.) and de-chlorination with SO, used © 
for taste prevention since '28. Control tests 
include treatment of samples with 0.5 ppm. 
Cl and examn. for taste after de-chlorinating | 
with Na2S,Os at termination of 30-min. con-— 
tact period. Daily consumption nearly 90 
mgd. No deaths from typhoid in 1944 nor | 
1945.—R. E. Thompson. 


Drill Gravel Wall Wells to Increase Wood- 
stock [Ont.] Water Supply. J. R. SuLLIVAN, 
Eng. Cont. Rec. 59:3:72 (Mar. '46). Water 
from free-flowing springs passes in surface 
channels to collecting and settling basins and 
thence through two 18” pipelines to pumping © 
station in city. To obtain more water and _ 
improve sanitary conditions, three 16” gravel 
wall wells constructed varying in depth from — 
56 to 98’ in depth and equipped with motor- 
driven pumps of 1000-1400 gpm. capac., de- _ 
livering into present system. Location for 
fourth well also revealed by exploratory 
drilling.—R. E. Thompson. 


Arvida [Que.] Water-Filtration Plant. W. 
S. Lea. Wtr. & Sew. 84:5:15 (May '46). — 
Filter plant constructed for Aluminum Co. of — 
Canada during war and sold to city of Arvida. 
Capac. 4 mgd. (U.S.), with provision for in- 
crease to 12. Raw water by gravity from 
river 4 mi. distant. Color and alky. 60 and 
8 ppm., resp., and pH 6.7. Preliminary 
expts. indicated coagulant requirement of 30 
ppm. at 70°F. and 34 at 39°, with 30-40 min. 
mixing and 2-3 hrs. settlement. Floc light 
and fragile. No coagulation benefits by pre- 
chlorination indicated. Plant consists of dry 
chem. feeder, flash mixer, 3 spiral-flow mixing _ 
tanks operated in series, coagulation basins 
(mixing and settling period nearly 4 hrs.), 4 
rapid sand filters operated at 2 gpm. per sq. 
ft., baffled chlorinating chamber providing 
11-min. detention, and 200,000-gal. clear 
water basin. Velocity in mixing tanks regu- 
lated by hinged steel gates between tanks. 
Filters equipped with ‘Wheeler’ bottoms, 
with 5 large and 9 smaller porcelain spheres 
in each inverted pyramid. Years ago, expts. 
showed that in laterals with orifices 6” c. to 
c., discharge increased toward dead end of 
lateral, max. aariinas being 25-30% greater 
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than min. Also, jets discharged were ob- 
served to be inclined to vertical at angles 
which decreased with distance from header. 
Filters equipped for air and water wash, latter 
at 20 gpm. per sq.ft. Air piping of brass, 
laid on top of gravel. Filters contain, above 
7’’ Wheeler bottoms, 12” gravel and 27” sand. 
Freeboard 27”. Gutters of Al specified, but 
as not available steel substituted, with angle 
iron stiffeners at top. Latter may reduce 
sand loss. Wash rate regulated by ‘“‘Simplex”’ 
control on pump discharge. Sluice gate on 
filter influent limits velocity to 0.5 fps. to 
prevent floc breakage. Lime added after 
chlorination to increase pH. All basins ex- 


cept chlorinating chamber can be by-passed 
modern 


for cleaning. First filter 


gravity 


Water in South Africa. ANon. Wetr. & Wtr. 
Eng. (Br.), 49:407 (July '46). Fixed limit to 
growth of S. African cities and industries is 

water supply. Industrialized community 

needs 50-60 gpd. (Imp.) per capita. Few 
continuously reliable sites. H. Shand in 
presidential address to S. African Soc. Civ. 

’ Engrs. said there has been tendency to divide 
subject of water into categories of domestic 
supplies, irrig., hydroelec. and indus. use, 
recreation, transportation, flood protection, 
soil conservation and so on. ‘Time to recog- 

nize fallacy of this line of thought. In survey 

of water resources of Southern Cape Coastal 

Belt, H. Shand said that topography, soil and 

rainfall, taken together, preclude any large- 

scale irrig. development. At 2 ends of area 
certain records available from waterworks of 

Cape Town and Port Elizabeth, and valuable 

recently instituted at Jonkershoek. 

- Beyond those there are only few scattered 

_ records to aid engr.—-H. E. Babbitt. 


_ The Water Supply of Algiers and Its Environs. 
RaINEAU. Wtr. and Witr. Eng. 
 (Br.), 49:501 (Sept. ’46). Project, to cost 
1.5 billion francs, under constr., to supply wa- 
ter for domestic and irrigation needs in sur- 
rounding area of 50 sq.km. Scheme will be 
carried out in two stages: (1) sinking of arte- 
sian wells; (2) constr. of dam to impound 
waters of Issers Oued River.—H. E. Babbitt. 


_ Water is Life in Australia. EpGar BEE. 
& Wer. Eng. (Br.), 49:599 (Nov. '46). 
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plant in Canada, built in Fredericton, N.B. in 
'06 and equipped for air-water wash, still 
giving excellent service.—R. E. Thompson. 


City of Montreal [ Que. ] Building Addition to 
Filtration Plant at Verdun. ANON. Eng, 
Cont. Rec. 59:3:88 (Mar. '46). Capac. being 
increased from 150 to 200 mgd. by construe. 
tion of fourth battery of 16 rapid sand filters 
and related works. Consumption avgs. 150 
and is as high as 175 mgd. for long periods, 
Addnl. filtered water storage being provided 
and existing 2 intake pipes, which extend 1200’ 
into St. Lawrence R., will be replaced by 6 
new pipes extending approx. 2000’ from shore 
and having total capac. of 300 mgd.—R, E, 
Thompson. 


Australia’s drive to overcome natural defi- 
ciencies of water for agriculture may provide 
homes for 20,000,000 people in next 20 yr. 
At present nearly 40% of Austrialia lies in 
arid latitudes. Doubtful whether anything 
can be done to irrigate these waste lands, 
Unfortunate misplacement of continent and 
mountains has led to bad features: (1) short, 
swift rivers running east into Pacific, (2) long, 
straggling rivers, dry for most of year, on 
western side of divide, (3) inequitable distr, 
of rainfall, (4) droughts, (5) unhealthy distr, 
of pop. New South Wales govt. plans to 
spend 2 mil. pounds in next 15 yr. in improve- 
ment. Victorian govt. will spend 25 mil. 
pounds in 20 yr. If every drop of water that 
falls on continent could be stored, still would 
not be enough to make full use of all potenti- 
ally productive land. Over much of Great 
Basin, however, belt of country receiving 5- 
8” of rainfall annually, irrig. possible. Only 
9% of Victoria’s rainfall now available for 
economic extensions. Most important irrig. 
works is in Murray Valley basin, covering 
414,000 sq.mi. Argument favoring formation 
of Murray Valley State to which development 
of valley could be entrusted. Another indi- 
cation of ‘‘barbarisms of borderism”’ is fight 
over waters of Snowy R., which continue to 
waste 1,000,000 gph. (Imp.). In Victoria 
there are several irrig. schemes not drawing 
from Murray waters. In New South Wales, 
schemes independent of Murray R. small and 
localized. In Queensland, smail local irrig. 
plants in operation along coastal belt. In 
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Western Australia, relatively small scheme 
developed in Harvey-Waroona area. In 
Tasmania, best watered of all states, no irrig. 
schemes. Existing schemes in Australia 
have had effectiveness impaired by neglect 
of soil and subsoil surveys. Also failure to 
realize importance of conserving catchment 
areas. Americans helped to pioneer Austral- 
an irrig. No place in world today where 
sud merino and other breeds of sheep thrive 
as they do on Riverina properties. Water 


N. Africa. and 
regular shape result in gereral climatic vari- 
ations governed largely by latitude. Avg. 
pptn. is only 18” per yr. Limiting rainfall 
for successful agriculture without irrig. in 
Australia is 15’. 36% of country has less 
than 10’. No fact about Australia more 
impressive than its lack of rivers. Central 
Basin includes 2 large drainage systems— 
Lake Eyre Basin and Murray Basin. Lakes 
are of 3 types: true permanent lakes, shallow 
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onservation and irrig. works now far exceed 


n national benefit money spent. Fig. 1-3 
how natural “‘irrig."’ of rivers, avg. of 
ainfall and distr. of population.—H. E. 
abbitt. 


ustralian Water Resources. With Particu- 

ar Reference to Water Supplies in Central 

utralia. J. D. Lanc. Wtr. & Wtr. Eng. 

Br.), 49:610 (Nov. °46). Area of Australia 

pprox. that of U.S. With 38.6% area in 

ropics, Australia is more comparable with 
= 


Average Annual Rainfall in Australia 


we 


basins becoming morasses or completely dry, 
and ocean inlets. Continent possesses larg- 
est artesian basin in world. It is this that 
has made settlement of inland possible. In 
southeast region, covering 20% of Common- 
wealth, only 38%, with pptn. of 23’, contrib- 
utes to 10 mil. acre-ft representing annual flow 
at Lake Victoria. Tasmania, with avg. pptn. 
of 50’’, has no water problem compared with 
rest of Australia. The northeast region 
comprises 375,000 sq.mi. with pptn. of 31”. 
Lake Eyre Region covers 610,000 sq.mi. with 
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avg. pptn. of 9”. Northern region covers 
350,000 sq.mi. and has several fairly sub- 
stantial rivers with variable seasonal flow. 
Desert region covers 570,000 sq.mi. with avg. 
pptn. of about 8”. Climate in Central 
Australia is hot and dry, with erratic pptn. 
from 5 to 15’. Annual evapn. is 97”. Any 
development in central Australia must be on 
limited scale.—H. E. Babbitt. 
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wells high; 141°F. at Thurloo Downs, N.S,W, 
Other artesian basins in Australia are Murray 
Basin, Eucala Basin, Perth Basin, cretaceoys 
basin in Western Australia and Daly River 
Basin. Modern theory presumes that water 
of Great Basin is of meteoric origin. Experts 
believe intake of rain water will give per. 
manent replenishment, satisfactory flow for 
200-300 yr.—H. E. Babbitt. 


SCALE of MILES 
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Rivers flow [ 


The Australian Artesian Basin. ANON. Civ. 
Eng. (Br.), 41:441 (Nov. ’46). Australia’s 
- Great Artesian Basin, extending over 590,000 
Re sq. mi., is largest known in world. In New 
South Wales and Queensland daily yield is 
_ 293 mil.gal. (Imp.). Most recent surveys 
point to considerable permanent flow. First 
_ flowing well sunk at Kallara Sta., N.S.W., in 
1878, and is still flowing. Sinking of wells 
_and distr. of water controlled since 1912, when 
; flow from basin was noticed to be falling off 
s _ Deepest well goes down 7000’. Because of 

high mineral content, well water tastes differ- 
. ent from rain water. Temp. from deeper 


Fic. 2. River Map of Australia Showing Natural “Irrigation” 


The Present Position of Sanitary Engineering 
in the Republic of Colombia. L. Cxrigurto, 
J. Inst. San. Engrs. 44:129 (’45). Present 
position of san. eng. in Colombia, S.A., dis- 
cussed. Most of water supplies in country 
obtained from surface sources; impounding 
reservoirs used only for water supply of 
Bogota. In '40 few towns had satisfactory 
water supplies, but today nearly all capitals 
of provinces have adequate supplies and in 
near future all towns with more than 500 
inhabitants will have modern distr. systems. 
In ’40 only one town had adequate sewage 
system, but 270 sewage systems had been 
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constructed by "43. In rural areas sewage 
treated in septic tanks and effluents from 
tanks disposed of by sub-surface irrigation. 
Trade waste waters discharged to sewers and 
to small streams. Legislation relating to 
trade waste waters being drafted. In reply 
to discussion, author said that 4 most im- 
portant indus. towns in Colombia were Bo- 
gota, Barranquilla, Medellin, and Cali; none 


ocean level in pervious limestone, 11 mgd. 


has been developed. In general, for each 
ft. that lens extends above sea level, fresh 


water extends about 40’ below, and therefore — 
each unit depth of drawdown results in 40- — 
fold salt water bulge rising toward point of 
In addn. to shallow and deep wells, 
skimming weirs 


drawdown. Hence, drawdown limited 


18” 
ground water tunnels with 
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Fic. 3. Distribution of Population in Australia 


of these towns had sewage works. There 
were water treatment plants at these 4 towns 
and at about 20 other towns; plants designed 
to supply 60 gpd. per head. Permissible to 
discharge crude sewage to streams when diln. 
1 in 500. Rainfall varied considerably in 
diferent parts of country; in one place 450” 
per annum, in others, less than 20’.— 
W.P.R. 


Ground Water Development on Guam. 
GLen H. ABPLANALP. Eng. News-Rec. 135: 
316 ('45). Of potential fresh water supply 
of more than 25 mgd. stored in lens below 


employed, these enabling very fresh water to 
be skimmed off with min. drawdown. ClI- 
content of water varies from 68 to 942 ppm. 
One battalion has used water contg. 600 ppm. 
CI- continuously for more than 10 mo. with- 
out ill effects. Apparently, in _ tropical 
climates, salt content several times limit of 
250 ppm. (as CI-) specified in U.S.P.H.S. std. 
satisfactory. Arbitrary limit of 650 ppm. 
has been adopted in Guam.—C.A. 


Surface Water Supplies on Guam. GLEN H. 
ABPLANALP. Eng. News-Rec. 135: 382 (’45). 


Southern half of island consists of dense 
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7 volcanic mass capped with coral limestone. 
Rain water percolates through latter to sur- 
face of igneous rock and thence flows through 
soln. channels, emerging as large springs. 
These, together with surface streams, source 
of water supplies for invasion forces and ships. 
Treatments employed included aeration, 
coagulation with ammonium alum, filtration 
and pre- and post-chlorination. At first, 
hypochlorinators employed, but later Cl gas 
and vacuum-type chlorinators became avail- 

able. As danger of after-contamn. great, min. 
residual Cl content of 2 ppm. maintd., neces- 
sitating dosages up to 6 ppm. Water-borne 

illness entirely prevented. (NaPOs;). (3 

ppm.) used to reduce CaCO; deposition in 

heaters and hot water lines.—C.A. 


Water Supply Problems in Rural Districts. 
J. Roy. San. Inst. (Br.), 65:137 ('45). (1) 
Paper by W. SavaGE. Provision of water in 
rural areas, with particular reference to 
Somerset, and implications of Rural Water 
_ Supplies and Sewerage Act, "44 discussed. 
- Amts. of water used for domestic and agricul- 
tural purposes considered. Large vols. of 
- water required on farms cannot be readily 
_ supplied from piped supplies in rural areas. 
Not all water required on farms need be of 
qual. suitable for human consumption and 
- some of water could be re-used; for example, 
- water used for cooling milk could be used as 
_ drinking water for cattle or for washing cow- 
- sheds. Government grants to local authori- 
ties to meet cost of water supply schemes, 
distr. of payment for water between consum- 
ers and ratepayers, and necessity for obtain- 
representative samples from proposed 
sources of supply discussed. (2) Paper by 
A, J. Atten. Demand in rural areas for 
- water for domestic and agricultural purposes, 
and seasonal variations in these demands dis- 
cussed. Measurements made at number of 
dairy farms have shown that vol. of water 
_ drunk by cows and used for cooling milk and 
for washing stalls and other bldgs. is 20 gpd. 
Per cow during period Mar. to Sept. and 10 
gpd. per cow during period Sept. to Mar. 
Effects of variations in altitude in rural area 
on design of distr. system, and use which can 
be made of protected area around source of 
water supply discussed.—W.P.R. 


A 


Dublin’s Engineering History. IlI—Water 
Supply and Sewerage. N. A. CHANCE. 
_ Munic. Eng., San. Rec. (Br.), 117:6 (46). 


a. Jevelopment of water supply of Dublin since 
_ Middle Ages summarized. R. Poddle source 
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of fresh water for Dublin until 13th century, 
During 13th cent. weir constructed on R. 
Dodder to divert water from that river to the 
Poddle and an open canal also constructed to 
carry water from the Poddle to higher levels 
of city. This was sole water supply of city 
for 500 years; still in use for indus. purposes, 
Dodder and Poddle, Grand Canal first used 
in 1775, and Royal Canal first used in 1799: 
sources of water supply until 1868. Acts 
dealing with water supply, passed between 
1719 and 1800, mentioned. James’ Street 
Res., with capac. of 9.5 mil.gal., built in 1721, 
In 1738 less than 6 gpd. per head could be sup. 
plied by water works. Two addnl. open 
reservoirs constructed between 1809 and 1814; 
one of these with capac. of 4.5 mil.gal. still in 
use. Efficient water supply system not pro- 
vided until 1868. Comrs. of Paving and 
Lighting, empowered to construct sewers, 
appointed in 1807. Some main sewers built, 
but cesspools still common in main streets in 
1819. Poorer dists. had no sewer system, 
By 1848 35.5 mi. of sewers constructed. Be- 
tween 1853 and 1879, 65 mi. of new sewers 
built and further 30 mi. improved. Poln. of 
Liffey caused nuisance and led to epidemic of 
cholera in 1832. In 1891 scheme for system 
of intercepting sewers adopted. Sewage 
works completed in 1966. Sewage allowed to 
settle in 18 sedimentation tanks, each with 
capac. of 365,000 gal.; settled effluent dis- 
charged to estuary of Liffey —W.P.R. 


Some Aspects of Rural Water Supplies in 
Northern Ireland. R. E. D. Bain. Sur- 
veyor (Br.), 105:419 (May 31, Multi- 
plicity of individual schemes for single towns 
usually expensive and unsatisfactory. Pub- 
lic demand for piped water supplies rising. 
Filtration and chemical plants require expert 
attendants who must be adequately remuner- 
ated, not justified by small schemes. Most 
outstanding example of truly regional scheme 
was carried out by Magherafelt Rural Council 
in '37-'41. This scheme extends over area 
roughly 16 by 11 miles and serves 10 towns 
and villages. Also possible to meet some of 
needs of agriculture, and many farms on 
routes of mains are supplied. At present 
6000-8000 persons supplied out of 32,000 in 
district. Total cost was £98,000 providing 
water and sewage service. Consumption 
approx. 16 gpa. (Imp.) per head. 50% of 
houses in towns draw supplies from street 
fountains. Table gives summary of avg, 
daily consumption per head in various size 
towns in Northern Ireland: 
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ury, 
R Towns AvG. Con- 

WITH SUMPTION 
the No REc- gpd./day 
d to POPULATION CONSIDERED ORDS (Imp.) 
city —500-1000 24 
oes, 1000-5000 30 
used §5000-10,000 43 
790; $10,000-15,000 6 37 
Acts [15,000-20,000 39 
_— Decided to work out trial design on Newtown- 
ro ards Peninsular. Area nearly 80 mi.sq. of 

Fyood farming land at present depends for 
Sup Fater on springs and wells. 8 small towns of 
ma: 500 to 1000 pop. included. Reticulation de- 
it in signed to bring piped supply within 3 mi. of 
| every house. Mains designed for 40 gpd. 
pra: Imp.) per capita in towns, and 35 in rural 
be: areas. 4.6 gal. (Imp.) per acre or 3000 gal. 
wile, [Pet mi. of pipe would meet farming needs. 
<a Assuming loan at 34% to be repaid in 30 yr., 
rem, prates would work out, for total development, 
Be. flomestic water only at 18.6d in the £, and 


omestic plus agricultural water at 21.6d in 
the £. In network of small diameter feeders 
ranching from trunk mains, distance on 
ither side which feeder is to serve must be 
leided. Comparison of feeder main on 
enter of strip 1 and 2 mi. wide showed cost, 
s whole, less with mains at closer intervals. 
\gricultural supplies to be metered. In 
own, leaks (waste) easier to detect.—H. E. 
pitt. 


$ iN [skimming Trench Solves a Coral Island Water 
Sur- [Supply Problem. Josera P. Lawtor. Eng. 
ulti- News-Record, 136:993 (46). Installation of 


parallel lines of 20” perforated steel infiltra- 
ion tubes in trench 300’ long with bottom 
6 below static water level provided ade- 
uate supply of water in Marpo Valley on 
inian Island, where fresh-water lens only 
ewft.in depth. Trench was back-filled with 
shed and screened hard coral and skimmed 


ncil Frater collected in central suction pit. Salt 
ara Pontent increases from 85 to not more than 
ws 900 ppm. when pumping at rate of 2 mgd., and 
of Bo 115 ppm. at double that rate (4-hr. test). 
| OM BH value 7.2, hardness 171.2 ppm. and temp. 
sent B5°F.—C.A. 

0 in 

ding e Reconditioning and Expansion of the 
tion Water Supply of London. Ep. Wtr. & Wtr. 
o Of Eng. (Br.), 49:149 (Apr. 46). Metropolitan 
reet Water Bd. approved program of reconstr. and 
avg: Bonstr. needed to recondition existing works 
siz€ §nd meet increasing demands. 10-15 yr. 


leqd. to carry out plan at cost of £37,262,000. 
Program divided into: (1) replacement, (2) 
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modernization and (3) new works. Many of 
installations unchanged in 42 yr. Replace- 
ment will cost approx. £6,750,000. Improve- 


ments in existing works, bringing filters and 
chemical treatment up to date, and improve- 
ments in distr. system will cost approx. 
£8,250,000. Demand for water consistently 
increased about 2.5 mgd. (Imp.) every year, 
and before war had reached 313 mgd. (Imp.). 
Curve will become steeper owing to large no. 
of houses which will be rebuilt with modern 
san. equipment. Cost of new works approx. 
£22,250,000. Difficulties in constr. owing to 
shortage of labor and materials, but work is 
urgent.—H. FE. Babbitt. 


Water Supply in the Middle East Campaigns. 
I. The Main Water Table of the Miocene 
Limestone in the Coastal Desert of Egypt. 
F. W. SHotron. Wtr. & Wtr. Eng. (Br.), 
49:218 (May °'46). Most information ob- 
tained during battle period up to summer ’43. 
Water supply one of major factors on which 
movement of armies depended. Problem 
solved partly by overground conveyance of 
water and partly by development of under- 
ground supplies. Articles deal only with 
latter aspect. Geologically area from north- 
west end of Nile delta to longitude of Gazala 
completely made up of Miocene rocks which 
have slight dip to north. Exceptions result 
in small basin structures in which perched 
water may be found. These irregularities 
generally cannot be detected by surface 
examn. Rocks usually limestone, fine-tex- 
tured, compact. Interbedded with these are 
clay bands. Beneath lie Miocene sands and 
sandstones and sandstone group forms north 
edge of Quattara depression. Army drilling 
mainly in limestone; almost safe assumption 
that water table will be encountered in this 
just above sea level. Source of water direct 
rainfall. Water of sea level table usually too 
saline to drink. Success depended on finding 
pockets of fresh water.and exploiting with 
every care not to draw in more saline water. 
Essential to keep continuous records of output 
and salinity during operation of water point, 
and, if necessary, to curtail issue to make 
supply last from one wet season to next. II. 
Perched Water Supplies Above the Main 
Water Table of the Western Desert. F. W. 
SHotTton. Wtr. & Wtr. Eng. (Br.), 49:257 
(June Within Cyrenacian “bulge”’ vari- 
ety of geological formations outcrop. Con- 
tain impervious layers and subject to scale 
folding. Pptn., though seasonal, consider- 
able. Structure throws out springs at various 
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horizons due to separate water tables inde- 
pendent of sea level. In arid desert plain 
from Alexandria to Gazala, and again in Gulf 
of Sirte, Miocene rocks alone form land sur- 
face, and springs virtually unknown. Almost 
impossible in parts of Western Desert away 
from escarpments to detect geological struct- 
ure by visual reconnaissance. Ground flat 
and covered by few feet of dust. Shape of 
Fuka basin detd. by boring. Engr. Corps 
ran resistivity traverses across it and showed 
that geophysical methods could assist in work- 
ing out underground shape of shallow lime- 
stone clay contact. Impracticable to locate 
perched water by this means without clue to 
restrict area of investigation. Hence, start- 
ing point often native well with water stand- 
ing above normal position near sea level. 
Perched water found in five areas. Quality 
of water within Upper Limestone was vari- 
able. Value of Fuka was it gave fresh water 
in area where main water table was undrink- 


able. Analyses of three samples are: 
MIXED SANYET 
BOREHOLE SANYET  GINE- 
WATER FUKA ISHIYA 
Total solids, ppm. 1094 1022 2460 
Temp. hardness 266 330 374 
(as CaCOs), ppm. 
Perm. hardness 170 
(as CaCOs), ppm. 
NazCO; (as 75 28 — 
CaCO), ppm. 
Na2SQy, ppm. 160 
NaCl, ppm. 462 338 1592 
NaNOs, ppm. 44 
ppm. 12 
pH 6.9 


At Sanyet Fuka and Sanyet Gineishiya, water 
yielded from wide and almost frictionless fis- 
sures, with negligible drawdown. Total wa- 
ter-holding capac. calcd. as 101.439 mil. cu.ft. 
Annual replenishment by rainfall figured at 
9 mil. gal. (Imp.). III. Collecting Galleries 
along the Mediterranean Coast of Egypt and 
Cyrenacia. H. Appison & F. W. SHOTTON. 
Wtr. & Wtr. Eng. (Br.), 49:427 (Aug. 46). 
Before war Egyptians in Egypt and Italians 
in Libya had few collecting galleries in use 
along coast for supply of Matruh, Bardia and 
Tobruk. Constr. of further galleries became 
necessity during war. Works all close to sea 
since only here was ground water table suffici- 
ently near to surface. Mediterranean coast 
from Alexandria to Sirte presents two differ- 
ent aspects: (1) gently sloping plain, usually 
terminating at sea by sharp ridge of white 
dunes; resulting hollow on landward side 
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Ma 
filled by salt marsh or salt lake; or (2) - 
formed by steep, limestone cliffs, cut by steer 
sided, gravel-filled wadis. In these graye - 
were constructed collecting galleries of Bardi gra 
Tobruk and Tmimi. Galleries either ope = 
trenches, covered trenches or tunnels wit pe 
shafts in length from few score to 3,000’ ¢ “ 
more, cut so that bottom extended 1 or 2’} . ; 
low water table. To locate new gallerie by 
boreholes sunk until water table just tou = 
and water tested for quality. If encouragip, Dey 
holes continued deeper, with quality tes, pr 
every ft. to det. thickness of potable wate ott 
above saline water which inevitably occurre SHO’ 
below. At all places juxtaposition of Se 
marsh and dune associated with undrinkah ’ 
water. To find alternative supply exple Te 
tory program undertaken along 30 mi. , 
coast. Water found above clay in only ¢ Pi 
of 22 holes. General conclusion about cog 7 ti 
is that white dunes do not provide drinkabj or 
water from pptn. that descends on them. 
ploratory work done at Sidi Bengallad. N bars 
water found in limestone but at depths in cl poe 
varying from top to 10.5’ down, water cam Conc 
in slowly. Exploration at Matruh prove tours 
low-salinity top water. In alluvial hollog waqi 
south of dunes, numerous native wells hh 
penetrating only ft. into water; found Pf 
saline than galleries to north. 4 possibj perm. 
sources of replenishment (of ground water|§ 
(1) rain falling on dunes around galleries, (1) vo, 
rain falling inland and running down as Focin 
face water into hollow behind dunes, (3) rai® From 
falling inland, soaking into Miocene limeston) Pleist 
and moving along top of main water tabi front | 
northward into dunes, (4) dew soaking inf Pyran 
dunes. Source (1) alone would be adequaf {oot of 
to explain system such as Matruh. Inad& at sha 
quate alone to explain yields of size of 37 bec 
gush or Burbeita. Source (2) important {@ cause j 
short period in winter at Burbeita, Matn§ Oligoc 
and Agheila. At Zawya source (3) form@ At ab 
main supply. Germans showed by refe takes 
to ‘‘Tauwasser”’ that they regarded dune sug meters 
plies in summer as largely dependent on de® ords s 
Only galleries at Matruh, Baggush and Bug clays a 
beita pumped long and steadily enough ® Kilome 
give information of value. Inferences to § Wadi | 
drawn: (1) effect of light or heavy pumping @ wells (1 
water levels usually seen almost immediatel§ lie in f, 
(2) effect of pumping variation on salinil§ cose t 
may not be marked in galleries which haw than 1: 
high yield per unit length, but if apparent wi} diam. 
be seen rapidly, (3) in poor-yielding gallerie§ yield of 
heavy pumping rate likely to increase salinit§ along 1 
Rough correspondence between gallery's in Egy 


formance and permeability of its rock. Ger 
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eral geological situation in valley galleries 
(Bardia, Tobruk and Tmimi) is that water is 
found at base of semi-consolidated sands and 

vels, above their contact with Miocene 
limestone. When Tobruk reoccupied on 
advance from El Alamein, Sahel gallery found 
« demolished that new system made. As re- 
silt no water taken from Wadi Sahel during 
3 rainy mo. Water quite tasteless, salinity 
ynder 100, but as soon as new construction 
was put into commission salinity rose rapidly 
and within month had reverted to old stable 
yalue of 350. IV. Water Supplies Adjacent 
to the Cairo-Alexandria Desert Road. F. W. 
SaoTton. Wtr: & Wtr. Eng. (Br.), 49(477 
(Sept. 46). Juxtaposition of string of lakes 
containing satd. salt solns. in close proximity 
to wells and springs yielding drinkable water 
appears at first to be paradox. Fact is that 
lakes are concentrates of spring waters, repre- 
senting fluctuating balance between inflow 
and evaporation. Since rainfall negligible 
along new asphalt road from Cairo to Alex- 
andria, underground supply to its wells must 
come from distance by lateral impregnation. 
Conclusion supported by facts that: (1) con- 
tours of water table slope down from Delta to 
Wadi, and (2) water is of good qual., not 
highly mineralized, but nevertheless different 
from fresh water of Wadi Natrun in having 
permanent hardness as characteristic. Pro- 
ceeding northwestward from Cairo, borehole 
No. 1 is in Pleistocene sands. No, 2 starts on 
Eocine bluff which supports Gizeh pyramids. 
From Pyramids to Kilometer 8 road runs over 
Pleistocene sands. Well No. 3 lies just in 
front of scarp of Eocene limestone on which 
Pyramids built and wells 4-10 also occur at 
foot of strong scarp which is probably Eocene 
at shallow depth. Road from Kilometer 8 to 
37 becomes unfavorable boring prospect be- 
cause it runs over Pleistocene sands resting on 
Oligocene and connecting with delta to north. 
At about Kilometer 37 important change 
takes place. Bores 21-28 between Kilo- 
meters 38 and 40 all successful. Drilling rec- 
ords show succession of sands, gravels and 
clays and some limestones near top. From 
Kilometer 55 well-known Pliocene deposits of 
Wadi Natrun outcrop. Khatatba Group of 
wells (14-19) removed from main road. They 
lie in fringe of Pleistocene sands and gravels 
close to deltaic alluvium. Holes not deeper 
than 180’ and ranged from 93 to 154” in final 
diam. Suction pumps gave avg. individual 
yield of 14,000 gph. (Imp.) So much water 


§ along main road joining two largest cities 


in Egypt had practical applications in time 
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of peace. About 80 km. of length of road 


along which irrig. might be developed. 


increase away from delta, (3) NaCl tends to 
increase also with distance from delta, (4) 
typical waters have temporary hardness only, 
(5) both temporary hardness and soldium 
alkalinity variable but, (with one exception) 
sum of these two constituents more constant 
than either NaCl or sulfates. V. The Desert 
Between the Nile Delta and the Suez Canal. 
F. W. SHorron. Wtr. & Wtr. Eng., 49:529 
(Oct. ’46). Most of this country arid desert 
where rainfall a rarity. Most vital feature of 
dist. is Sweet Water Canal. Military estab- 
lishments drew heavily on it through filtration 
and sterilization plants. No. of boreholes 
sunk with resultant increase in hydrological 
knowledge. On Nile Terraces boreholes go 
through mixed series sands, gravels and clays 
and encounter water unless so far from river 
that # bottoms terrace gravels and runs into 
foundation of “solid” rock above level of 
anticipated water level. Evidence of varia- 
tion of quality with depth obtained at Darb 
el Hagg, where large U. S. camp was to be 
built on high terrace. Trial borehole sub- 
jected to 4 pumping tests, each extracting 
12,000 gal. (Imp.). Between tests hole 
cemented to above next higher impermeable 
band. Result was 4 different waters with 
violent decreases in salinity upwards. Knowl- 
edge gained on terraces applied on low-lying 
area of delta. By keeping close record of 
strata passed and testing for salinity, possible 
to select deep level of unpotable water into 
which to discharge wastes for which no other 
outlet available. Thus possible to draw good 
water from one borehole and within same 
camp to pump waste into deeper hole. 
Along Cairo-Suez road there is no rainfall and 
not a single native well. In Wadi Tumilat, 
all borings in supposed Pliocene beds success- 
ful except group at Nefisha sited by diviner 
when Army still countenanced such methods. 
Yields were often large. Typically, quality 
good. Only 1 of 5 observed wells bears out 


‘contention that desert wells become salty 


with continued pumping. Hardness fluctu- 
ated strongly with no correspondence to 
salinity. Alkalinity remained remarkably 


steady. Most of boreholes on west side of 
Suez Canal were for attempted disposal of 
sewage, for strata testing or for mil. training. 
VI. The South-Eastern Desert of Upper 
Egypt (Red Sea Hills). 


G. L. PAVER. 
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Analyses of well waters from area discussed — 
shows: (1) all waters more mineralized than _ 


Nile river water, (2) dissolved solids tend to 
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& Wtr. Eng. (Br.), 49:653 (Dec. '46). Area 
covers about 60,000 sq.mi. from Nile Valley 
in Qena-Luxor-Idfu-Aswan sec. to Red Sea 
coast south of Port Safaga. Region is one of 
driest in Egypt. Annual pptn. in center is of 
order of 25 mm., declining to 8-10 towards 
coast and towards Nile. Dry periods extend 
for several years and rain, when it falls, may 
aggregate few in. Boreholes in Nile alluvials, 
terraces and Pliocene deposits at Luxor and 
Shellal produced over 1,000 gph. (Imp.) with 
salinity of 150-200 ppm. At Wadi Seidna, 
in Sudan, USAAF well in similar deposits 
produced 5000 gph. (Imp.). Well in Nubian 
sandstone at Quseir el Banat yielded 400 gph. 
(Imp.) with salinity of 940 ppm. Wells at 
Bula. Sta. and Abu Merewat in Pre-cambrian 
basement complex, where there was greatest 
depth of wadi gravels and upstream of dyke, 
although effective in locating water, proved 
that underground supplies draining eastwards 
invariably of high mineral content rendering 
water unfit for use. Most important water 
point in this area, at Mons Claudianus, gave 
500 gph. (Imp.) for 5 hr. pumping daily with 
400 ppm. salinity. Both electrical and mag- 
netometric methods of geophysical prospecting 
employed. Supplies not developed in coastal 
strip where quantity is meager, quality poor 
and prospects bad.— H. E. Babbitt. 


Overseas Water Supplies. Expedients 
Adopted by the Engineer in Arid Countries. 
Surveyor. (Br.), 105:312 (Apr. 19, 46). Ex- 
tract from paper by Joun H. GooprincE, G. 
W. Futter & E. B. Lockett. Majority of 
water supplies in countries such as India, 
Ceylon, Burma, etc. are military. Consider- 
able work was involved in expansion during 
war. In field portability and ease of erection 
chief factors. Reserve base built 12 mi. in- 
land from one of India’s seaports. Capac. 
approximated town of 60,000 pop. Supply 
from lake filtered and chlorinated. Supply 
for brigade in field, on animal transport scale 
in hill country, normally would be 20,000 
gpd. (Imp.). Only 11,000 could be supplied 
locally. Deficit made up by water trans- 
ported by truck from base. Dangerous, as 
lines of communication cut. Where supply 
limited, min. requirements would be approx. 
1 gpd. (Imp.) per man, 10 gpd. per mule or 
horse and 20 gal. on third day per camel. 
Water for radiators must be taken into ac- 
count. In hill country, streams are most 
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common source, feeding impounding reserypj, 


where supply is static. Common source jp 


northwest frontier region of India and Persia 
is from karazes—series of shallow wells pn 
over 20 to 30’ deep connected at bottom 
adit and following line of water table. Mog 
common source in India is tube well, |p 
southern India, artificial lake or tank system 
employed, replenishment being dependent 
monsoon. Typical supply in arid areas tha 
of Aden, supplied from tanks in hills, so 
2,000 yr. old. Gibralta’s supply similar. Ay 
Freetown, in Sierra Leone, fresh-water factory 
of boats producing fresh water by condensa. 
tion used. In S. Africa, Rand Water Board 
is dewatering deep gold mines with high-head 
pumps, as much as 2000’ over-all head. Mog; 
favored mains are steel with victaulic coup. 
lings. Electric motor is favorite power. Ip 
field, portable plant uses canvas tanks for 
storage, and for more static supplies Braith- 
waite pressed-steel tanks. Chlorination jp 
field usually by addn. of chloride of lime and 
for men’s water bottle addn. of tablet to 
super-chlorinate followed by hypotablet to 
de-chlorinate. Well boring companies, 
equipped with percussion rigs, formed.—H. £, 
Babbitt. 


The Water Supply of Malta. ANon.. Wer, 
& Wtr. Eng. (Br.), 49:264 (June '46). Toget 
supply for 250,000 pop. from rainfall storage— 
no rivers in Malta—will take 10 yr. and cost 
£2 mil. Rock formations permit natural 


storage of portion of winter rains. Lime. 
stone of hilly tracts in western and northern 
parts of island highly fissured, generally above 
sea level and underlain by impermeable clay 
base. Other natural reservoir is so-called 
“lower water table.’”’ As rate of loss o 
ground water percolating to sea is less than 
rate of replenishment, fresh water reservoir 
built up to few ft. above sea level. In ‘42 
extensive well-boring program carried out té 
meet immediate water requirements and to 
obtain information. Work commenced on 
galleries to permit more even extraction from 
lower water table. No doubt that an ap 
preciable increase of supply can be secured 
without deterioration of quality. Unlikely 
that any large water-consuming industries 
can be established locally. Consumption of 
12 gpd. (Imp.) per cap. requires 3.5 mgd. 
(Imp.). No difficulty in meeting such de 
mand, but actual demand is nearer 4.5 mgd. 
—H. E. Babbitt. 
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